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People tend to get a bit excited when 
they hear that Monolithic Memories is 
getting into CMOS. 

And frankly, we can’t blame them 

After all, we’re doing things with CMOS 
that no one else has done before 

For instance, we're producing Double 
Density Interface and ZHAL “circuits that run 
at CMOS power levels, with speeds rivalling 
the best of bipolar. And we're shipping them 
in volume. 

We're also bringing CMOS to our PAL’ 
product line, beginning with ZPAL“ devices 


Finally, 
areason 


not to buy 


bipolar ICs 
from 


Monolithic 
Memories. 


dc to 1000 MHz 
Amplifier 


Facing a ‘‘make-or-buy”’ decision for wideband 
amplifiers in your latest design...whether to 
design, build and test in-house or purchase from 
an outside supplier? ‘‘Buy”’ is the viable decision 
now with Mini-Circuits’ stable, dc to 1OOOMHz 
monolithic amplifier for only 99 cents. 


The single-stage monolithic 12db gain MAR-1 
amplifier, housed in a tiny 0.085 in. diam. 4-pin 
package can deliver up to OdBm undistorted 
output and boasts a noise figure of only 5.5 GB. 
Due to its 50-ohm input and output design, 
individual MAR-1 amplifiers can easily be 
cascaded using coupling capacitors; each unit 
is unconditionally stable and thus free from 


finding new ways 


oscillation regardless of load impedance or even 
in the absence of a load. Return loss Is typically 
less than 10dB (even out-of-band) and isolation 
is 200B (typ). The MAR-1 requires 

7V dc, 20mA power input. 


The amplifier’s low cost, coupled with its extreme 
bandwidth, opens an enormous window for 
applications ranging from communications 
equipment to test and measurement setups, to 
industrial and commercial gear. 


The MAR-1 is priced at 99 cents each in 100 quantity, 
with lower prices for larger volume orders (check 
factory); units are available for immediate delivery. 


Setting higher standards 


L- Mini-Circuits 


vision of Scientific Components Corporation 


P.O. Box 166, Brooklyn New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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Tight packing density, lowered assembly costs, and improved 
reliability make surface-mount technology (SMT) highly attractive to 
systems and product manufacturers. If your design is ready for SMT, 
specify Mini Circuits’ new RMS series, the world’s smallest (0.25 by 
0.30 by 0.2 in.) double-balanced SMT mixers, spanning 0.5 to 
1000MHz, from only $6.95 (10-49 qty). 


The tiny, non-hermetic package houses RF transformers, a ceramic- 
alumina substrate, and a four-diode assembly. A unique edge-plated 
design eases the job of making reliable solder connections to a 
printed-circuit board. A protective-barrier layer on top of the package's 
conductive layer retards the harmful effect of electromigration which 
may occur during soldering. The RMS can be attached to a pc-board 
by conventional manual soldering or with automatic equipment; 
mixers can be supplied in a tape-and-ree! format for automated 
pick-and-place machines. 


When you think SMT, think small, low-cost... 
think Mini-Circuits RMS series. 


finding new ways... 


setting higher standards 


Ghe world smaitest 
surface mount mixers $65 


SPECIFICATIONS 
FREQUENCY RANGE, MHz 
LO, RF 
IF 


CONVERSION LOSS, dB, Typ. 
Mid-band = ( 10f, — fy ) 
Total range (hg 

ISOLATION, GB, Typ. 
Low-band ( f, — 10f, ) 
Mid-band = ( 10f, — fy. ) 
Upper-band ( fyj2— f, ) 


PRICE (10-49) 


f, = lowest frequency in range 


f,, = highest frequency in range 


[_ Mini-Circuits 


A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
Domestic and International Telexes: 6852844 or 620156 
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RMS-1 
0.5 — 500 
DC — 500 
2.9 

6.2 

L-R- L-l 
55 50 
33 30 
27 24 
$6.95 


RMS-2 

5 — 1000 
DC— 500 
6.5 
7.0 
L-R L-l 
55 50 
35 30 
25 20 
$7.95 
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Volume 31, Number 19 


From 1956 to 1986, EDN has covered 
the revolutionary events and developments 
that have occurred in the electronics in- 
dustry. To rediscover what has made elec- 
tronics so fascinating and what could 
happen in the years to come, turn to this 
special 30th anniversary section, which 
starts on pg 187. 


On the cover: You can now use personal 
computers to perform engineering tasks 
that used to require a multiuser system or 
a 32-bit workstation. CAE software for 
the IBM PC enables you to capture a 
schematic, verify a digital circuit, 
simulate an analog circuit, produce art- 
work for pc-board layout, create net lists 
for semicustom ICs, and generate 
JEDEC fuse lists for PLD programmers. 
See pg 162. (Photo courtesy Future Net) 
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30TH ANNIVERSARY ISSUE 
Year after Year: EDN’s 30th Anniversary 187 
Thirty years of electronics: 251 


massive metamorphoses in 
engineering and industry 


Thirty years in perspective 268 
DESIGN FEATURES 

Special Report: IBM PC-based software 162 
for CAE and CAD 


Using just an IBM PC or compatible computer, you can take most 
designs from a set of schematics to a final spec. The design- 
automation software available for the PC is considerably less expensive 
than comparable software for mainframes or workstations. 

—Eva Freeman, Associate Editor 


Frame-grabber boards acquire 273 
and process images in real time 


Before you use one of today’s image-processing systems, it’s worth 
knowing how to take advantage of their capabilities. Most systems 
provide high-speed data-processing circuits and memories as well as 
analog I/O circuits, all of which let your system acquire, process, and 
display images in real time.—Crayg Preston and John Molinari, 

Data Translation 


PLDs implement encoder/decoder 285 
for disk drives 


By using software to define programmable logic devices as run- 
length-limited encode/decode systems, you can design disk-drive 
systems that have 50% more data-storage capacity than drives that im- 


plement the MFM code.—Arthur Khu and Rudy Sterner, Advanced 
Micro Devices Inc 


Correct modem choice requires 299 
knowledge of communication needs 


Before you can select the modem best suited to your computer 
system, youll need to consider the data rates your system will sup- 
port, the volume and type of traffic, and the type of lines you'll use. 
The guidelines presented here will help you find your way through the 
communications maze.—Jack Douglass, Universal Data Systems 


Continued on page 7 
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"___ FAST, SIMPLE AND 


RELIABLE BACKUP WITH 
INTERCHANGEABLE 
MEDIA 


TEAC CORPORATION: 


HALF-HEIGHT DIGITAL CASSETTE /gigmmy 
DATA STREAMERS: AN IDEA 
Ne ee ee ee 


Every year is a vintage” when it comes to hard disk backu; 
afford to have 50MB of data go sour. Use the TEAC MT-2ST 
for day-to-day backup or archival storage. Data cassettes are rn 
pact, ultrareliable, and cost-competitive. Direct reel drive enables precise 
speed/positional control without time-consuming media preformattin: 
Store anything from a single file to entire disk image under DMA control 
And do it in 4 minutes (20MB) or 10 (50MB). =| 
Full media compatibility means that complete databases canbesent 
through the mail. D/CAS-05 (QIC-02), SCSI, or D/CAS-15 (QIC-36) inter- _ 
faces available. Built-in data formatter for excellent space factor. 


For Memories You'll Be Glad To Have 


3-7-3 NAKA-CHO, MUSASHINO, TOKYO, JAPAN 
TEL: (0422) 53-1111 TLX: 2822451 FAX: (0422) 55-2554 


= Hong Kong, Nissei Sangyo Co. Ltd. Hong Kong Branch tel: 3-343441-6; KARIN ELECTRONIC SUPPLIES CO.,LTD tel: 3-898252 & Singapore, Nissei Sangyo Pte. 
Ltd. tel: 65-7372011; UAC CORPORATION tel: 7450082 & New Zealand, Northrop Instruments & Systems Ltd tel: 856-658 @ Australia, Electrical Equipment Limited 
tel: 888-9000 @ Indonesia, CHUGAI BOYEKI CO. LTD. tel: 370824 & Kuwait, Bader Al Mulla & Brothers Co. W.L.L. tel: 2423250 @ South Africa, SPESCOM TMS (Pty) 
Ltd. tel: 788-0530 & United Kingdom, TEKDATA LIMITED tel: 0782 813631 &@ West Germany, nbn Elektronik GmbH tel: 08152/390 &@ Austria, nbn Elektronik GmbH tel: 
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“If no distributor is listed above in your area, please contact us directly for further details about our products. 
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Continued from page 5 


Hybrid op amps offer an alternative to 
discrete designs when you need more speed, 
voltage, or power than monolithic devices 


can provide (pg 59). 
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TECHNOLOGY UPDATE 


ip hig IC operational amplifiers 59 
achieve higher power, voltage, and speed 

High performance is the compelling reason for choosing an expen- 
sive hybrid IC amplifier over one of the many monolithic types. 
—Tarlton Fleming, Associate Editor 


Boards that meet EGA spec bring flexible 75 
graphics capability to IBM PC workstations 

Since its inception in late 1984, IBM’s Enhanced Graphics Adapter 
(EGA) has emerged as the de facto graphics-board standard for general- 
purpose IBM PC- and PC/AT-based engineering workstations. 
—Margery S Conner, Regional Editor 


SCSI ICs simplify I/O-bus configurations, 97 
but options entail extra design effort 

Computer users are increasingly demanding the Small Computer 
System Interface (SCSI) I/O bus in low- to mid-range applications, and 
as a result you may find you have no choice but to implement the in- 
terface in your designs.—Maury Wright, Regional Editor 


Professional wire-wrapping services 115 
ease prototype-circuit assembly tasks 

Despite the emergence of a variety of alternatives, wire wrapping 
continues to enjoy significant popularity, particularly for assembling 
prototype circuits. Companies that can prepare wire-wrapped boards 


based on your circuit designs are making the technique increasingly 
easy to use.—lom Ormond, Senior Editor 


PRODUCT UPDATE 


Self-calibrating A/D converter 135 
SCSI-interface expansion chassis 136 
25-MHz, 32-bit pP 139 
Signal-conditioning modules 140 
Precision quad op amp 143 
Megabit static-RAM hybrids 144 
DESIGN IDEAS 

Generate scaled inverse of input squared 315 
Software provides rapid parity check 316 
Sequential timer uses three chips 318 
Simple hardware drives multiple displays 320 
Serial port provides interrupt for 8051 pC 324: 
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SIEMENS 


Two million ICs tested to destruction. 
At Siemens. 


If you want to be out front in electronic components 
you need to have that something extra when it 
comes to product quality and reliability. Easier said 
than done. Siemens subjects two million integrated 
circuits yearly to destructive tests. Experience 

from these endurance tests helps us to supply our 
customers with what's better: delivery quality 

and longterm reliability prove it. And they're assured 
for the future too. 


It's all guaranteed by 27,000 employees. 
And the thousands of million marks 
going into research and development 
annually. That's a foundation Siemens 
Customers can bank on, worldwide. 


Not only flexibility, all- 
= ae 2 BAPTKANIMCC product quality, round docu- 
i. ge Git et OD ED eee service has to mentation are 
be right too. matter-of 
Adherence to course for 
~~» specification Siemens cus 


and schedule, tomers. 
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compatibility in 212A modems 


Superior Performance Under All Conditions 


Worst Case Line Conditions (3002, CO) 
Low Carrier Levels (— 40 dBm) 
Varying Line Impedance (150 0) 
Frequency Offset (+5 Hz) 


With AT&T divesture, the likelihood of getting worst case line conditions 
has increased considerably. At EXAR we feel that modems must 
operate reliably under all the harsh conditions of the telephone network. 
These conditions include: 


——_ 1900 LINE 
= IMPEDANCE 


EXAR Performs EXAR also supplies support circuits such as Op amps, 


line drivers and receivers in a wide variety of packages 


Where Competition Fails including surface mount. 
The XR-212AS performance under these worst case line Value Pricing 


conditions is excellent. Our modem experts could not even 
make the competitor’s chips work under these conditions. EXAR leads the competition in performance, packaging, 


Our lab test results show: technical support and service and offers competitive volume 
EXAR ETITION pricing. That's EXAR’s commitment. Contact us today for 
S/N=12dB BER=1/10—5 pens neti re value pricing on the XR-212AS SMD quad pack modem 
oe chip set. 
Would you want your customers to keep dialing EXAR is an innovator in custom and semi-custom 


over and over to oe optimum line conditions? Don't take ICs, and offers one of the industry’s largest lines of proprie- 
the chance! EXAR's chip set outperforms the competition tary and alternate-sourced ICs in the standard products 


under all conditions. area used in telecommunications, digital data processing, 
ma om eye and industrial control applications. 
Hayes Compatibility As well as wafer foundry services, EXAR offers custom 


and semi-custom programs using bipolar, CMOS (metal & 


EXAR offers a complete design for a Hayes‘ compatible silicon gate), and 12L technologies. 


Bell 212A smart modem. A complete design and software 7 
package is available to insure smooth, easy design-in for ee 


— eee ee ee a A ee — 


EDN860918 


= BEXAR 


750 Palomar Avenue, Sunnyvale, CA 94086 Tel. (408) 732:7970 TWX 910-339-9233 


your system. - mOneM Oe 3 
EXAR’s modem experts will provide assistance during : _] Please send me additional information 
ane ortfor | onthe XR-2120/2121/2122/2125. 

your design-in phase and will provide technical support 7. ee | 
all aspects of your modem design. Call EXAR’s responsive | Design Booklet. | 
Applications Engineering Group on our Modem Hot Line, | C1 Please send me EXAR’s full line databook. : 
408/732-7970 x 381, for modem applications assistance. 
| : | 

g | € re hie | 
Available in SMD ! ! 
Poy Dept /Div 

The XR-212AS Bell 212A Modem Chip Set has set the : 
standard for performance. In applications where size isof 1 “= | 
utmost importance, quad surface mount packages are | City as Zip | 
now available. | | 
! Phone ( ) Ext 7 

: Application ! 

| | 
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“Samtec old-fashion 


SUDDEN SERVICE 
means do it now, 


- doit right!” 


Sam Shine, Proprietor 


Our dependable SUDDEN SERVICE 
really makes Samtec 


“a different breed of cat” 


Contact these Samtec Ltd. 

STOCKING DISTRIBUTORS 

Whatever you need—catalogs, samples, 
quotations, shipment dates—you’ll find 
Samtec people deliver SUDDEN SERVICE 
that other companies simply can't (or won't) 
match. Try us and see what makes Samtec 
“a different breed of cat.” 


Visit Samtec at 
ELECTRONICA Nov. 11-15 


ENGLAND 


TOBY ELECTRONICS LTD. 
44 South Bar 

Banbury, Oxfordshire 

OX16 9AB 

0295 61138 © TLX: 838785 


ELECTRONICS 2000 LTD. 
Grafton House 

Grafton Street 

High Wycombe Bucks HP12 3AJ 
0494 444044 e TLX: 838808 


SWEDEN 


FREBER ELEKTRONIK AB 
Enskede 122 03 

Sweden 

08 811020 © TLX: 14336 


NORWAY 


FREBER NORGE 
Drammen 3001 
Norwa 

03 825350 

TLX: 74329 


Need Square Post Connectors? 


Compare. Samtec SUDDEN SERVICE 
will deliver 95% of all the square post 
assemblies you'll ever need! 


Our new catalog contains the greatest variety of .025” 
sq. post connectors that we've seen. This broad line of 
cost-effective connectors includes terminal strips, mating 


socket strips and IDC cable strips for on-board, board- 
to-board and cable-to-board connections. Strips may 

be ordered with up to 36 positions per row. And our 
“snap-strip’ features allow snapping to your exact length. 
High-temp bodies permit vapor phase and IR soldering 
up to 216°C. 


Straight pin headers 
and mating 
IDC cable strips. 


IDC cable 
combinations. 


Single row headers 
and mating IDC 
cable strips. 


Double row headers 
and mating IDC 
cable strips. 


>. | - 
¥y 
ji Socket strips that 
mate with terminal Sc. 
[ { a NS strips. 


Right-angle pin headers 
and mating IDC 
cable strips. 


SUDDEN SERVICE 


SAMTEC, Ltd. 35 Deerdykes View, 
Westfield, Cumbernauld, Scotland G68 9HN 
Tel: 2367 39292 FAX: 2367 27113 TLX: 776158 


©Samtec, inc. 1986 


FINLAND DENMARK AUSTRIA ene 
TURELCO DISTRIBUTOREN C&K COMPONENTS CALL TODAY 
Turku, Finland INTERELKO Thaliastrasse 68, A-1160 for our new 72-page 
358 21333500 Silovej 18, DK 2690 Vienna, Austria catalog. In addition 
TLX: 62388 Karlslunde, Denmark 02 22 469097 © TLX: 13355] = to our .025" sq. 

03 1400700 ¢ TLX: 43507 post inpreon 
it contains specifica- 

SWITZERLAND GERMANY FRANCE dane agate on 
SIBALCO C&K COMPONENTS GMBH C&K COMPOSANTS S.A. scores of additional 


60 Rue du Dessous des Berges 
75013 Paris, France 
45 83 24 54 e TLX: 204317F 


highly reliable, com- 
petitively priced in- 
terconnect products. 
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Ammerseestrasse 59 
8027 Neuried, Munich 
089 759080 e TLX: 5213068 


Birmannsgasse 8 
4009 Basel, Switzerland 
061 250044 e TLX: 962851 


Australia Austria Bénélux Brazil Canada Denmark Far East Finland W. Germany 
PARIS VE EDGECLIFF WIEN BRUXELLES SAO PAULO MONTREAL COPENHAGEN HONG KONG HELSINKI! MUNCHEN 
Tel. (1) 39.46.9719. Tel. 327.1318 Tel. (222) 94.62.82. Tel. (2) 648.64.85. Tel. (5611) 542.47.22 _Tel. (1.514) 288..41.48. Tel. (01) 83.50.90. Tel. (3) 721.96.82. Tel. (0) 75.04.14. Tel. (089) 78.790. 
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The fastest family 
in the market. 


Since we used the same basic 
design to create the entire family, our 
eight new fast SRAM’s share certain 
features in common. Like, their un- 
matched performance, specified 
right down to 20ns access/cycle 
time and their industry standard 
20 - or - 22 pin JEDEC packaging. But 
that is where the similarities end. 
Because each of the eight devices 
offer different features, to let you 
choose the best solution for your 
application. 

We have the first 4K x 4’s design- 


ed to operate at 20ns using the 
industry standard 5.0 Vcc supply, as 
well as the first 4K x 4’s specifically 
designed for the new scaled MOS 
JEDEC 3.3 Vcc standard. Either way, 
they’re the fastest 4K x 4 CMOS 
RAMS available anywhere. 


A state of the art double metal 
CMOS process, featuring a unique 
6 (transistor) CMOS memory cell 
design allows our 3/3 new SRAM'’s to 
operate at such high speeds withlow 
operating and standby power requi- 
rements, not to mention their low 
soft error rate. 

Best of all, our new 4K x 4’s are 
available now. In quantity. 


ON 


4K x 4 CMOS STATIC RAMS. 


Anditdoesn’tend there. Because 
soon we will be introducing an even 
wider range of fast static devices. 
What’s more all of these will be avail- 
able to full MIL 883 RE V C and JAN 
specification. 

But don’t wait too long to find out 
more. Because with speeds like this, 
they’re going fast. 


i POLARIS 5585 


ily Japan New Zealand Norway South EastAsia = Spain Sweden Switzerland United Kingdom and Ireland U.S.A. 
LANO TOKYO PENROSE AUCKLAND OSLO _ SINGAPORE MADRID . STOCKHOLM LIEBEFELD/BERN BASINGSTOKE DALLAS 
|. (2) 699.41. Tel. (3) 264.63.48. Tel. (9) 592.453. Tel. (02) 16.16.10. ‘Tel. (65) 295.31.24. Tel. (1) 405.16.15. Tel. (08) 63.50.60. —_‘Tel. (31) 59.22.22. Tel. (256) 29.155. Tel. (214) 466.60.00. 


The PP39 Untversal MOS Programmer 
Simply Incomparable 


There is without doubt 
no other machine in the 
same class as the portable 
software—driven PP39 
Universal MOS Programmer 
for EPROMS, E*PROMS and 
single chip micros. 

It is a ‘stand—alone’ 
programmer in more than 


Once you've tried it you'll 
know why it is 
unquestionably the very best 
machine of its kind. 

You'll also see exactly 
why the PP39 is right for you. 
Contact Stag for full 
details now. 


Recognizing 


just one sense. The highest ieee ‘s 
quality software enables our most powerful 
different functions to be advantage 


SUAQG 


performed with consumate 
ease. 


= Performs set programming — set of two EPROMs simultaneously for 16 bit systems — as well as 32 bit capability. 
® Configured to program 8 bit and 16 bit EPROMs. ® Built—in access time testing ™ Module option for most micros 
(including INTEL + MOTOROLA) ® RS232C interface up to 19,200 Baud. @ Remote control as standard. 
= Supports MDS formats, extended formats, as well as the popular Binary and Hex ASCII formats. 
@ Features the powerful ‘Interlace’ concept to enable easy handling of 16 and 32 bit data. m Standard editing 
functions are included such as string search, insert, delete, relocate, fill Ram, complement and much more. 
@ Software easily upgraded within the module. ™ Emulator option for EPROM simulation. 


Stag — delivering more than just ,,promises! 


Sophisticated systems for the discerning engineer 
Stag Electronic Designs Ltd, Stag House 
Tewin Court, Welwyn Garden City, Herts AL71AU 
Tel: (07073) 3214B, Telex: 8953451 CIRCLE NO 13 


Nas,“ TX, (214) 450- 0400), : 
eters that v were once 


THE GRAPHICS CHIP 
FOR COLOR-CONSCIOUS 
ENGINEERS. 


Electronic design geniuses 
have always been colorful but their 
creations have not. Until recently, data Me 
cameingrey,blackandgreen. se 


flexibility of proportionally spaced 
bit-mapped text while retaining the 
b>... Simplicity of character generator 
Wee texthandling. 


‘Today’s graphics software . BA : | Andour color graphics 
haschangedallthat.Andfor >A . chip set won't clash with 
the color-conscious designer, © \ current software and 


ent oe 
= 
att! 


» applications. The 7300 
= VDidriver provides direct 
compatibility with GKS pack- 


NCR offersthecolor-coordi- “3% 
nated NCR 7300 color graphic 
controller and 7301 memory j 


interface controller. a agesfor NCR, IBM and 
Thehighperformance | @e i, AT&T personal computers. 

7300chipsetoperatesatthe  j aaa Want to see what the 7300 

same rate as monochrome 3 eae can doin living color? Demon- 


oa 
on anh) 


strations and samples are 
Ieedilablc today. And our CGC Docu- 
mentation Kit— including hardware 
and software manuals— _ 
is available free. . 
Fora Ei careerpatiei’ " 
the CGC Documentation 
Kit, or both, call 1-800-525-2252. 
Ort write: NCR Color Graphics 
~ Kit Offer, 1635 Aeroplaza Drive, 
_ Colorado Springs, CO 80916. 


systems and features a high level 
of on-chip integration to reduce 
chip count. Built-in memory mul- 
tiplexing allows standard 150 nS 
DRAMS tobeused for 256 color, 
640x480 non-interlaced 60 Hz 
displays. And the on-chip color 
look-up table and D/A converters 
provide sophisticated features 
withoutrequiringadditional ‘Gm 
components. All this plus you get the 


QUALITY, SERVICE AND SUPPORT. YOU CAN EXPECT IT FROM NCR. 


NCR Microelect ronics Division © 1986 NCR Corporation 
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NEWS BREAKS: INTERNATIONAL 


EDITED BY JOAN MORROW 


PERSONAL-COMPUTER MODEM TRANSMITS AT 9600 BPS 


Oki Electric Industry Co has introduced a personal-computer modem with a 
transmission speed of 9600 bps. Priced at ¥128,000 ($826), the PC LINK48/96 incor- 
porates the Just-PC, a Japanese government-recommended protocol for communicating 
with personal computers from various manufacturers. 


MITSUI TO SHIP IBM PC/ AT-COMPATIBLE SYSTEMS TO US 


Mitsui Corp will begin full-scale shipments of its IBM PC/AT-compatible computers 
to the US this month. The company has been sampling the systems in the US since 
April and believes they are sufficiently price-competitive to be sold in the US. Along 
with its full-featured computer, the company plans to export two stripped-down AT 
compatibles in 1987 and an XT-compatible model before the end of next year. By that 
time, Mitsui believes its annual computer shipments to the US will total 25,000 units. 


2k-BIT PROM HAS 30-nSEC MAX ACCESS TIME 


The Model MB7118Y, a 2k-bit PROM from Fujitsu Ltd, features a maximum access 
time of 30 nsec. It operates over O to 75°C and has an average access of 25 nsec. 
Fabricated using 3-um design rules, the 256-wordx8-bit part costs ¥1000 ($6.25) in 
samples. 


MATSUSHITA REFINES INFRARED ANNEALING METHOD FOR GaAs PARTS 


Matsushita Electric’s Semiconductor Research Center has developed an improved in- 
frared lamp method to anneal ion-injection layers of gallium-arsenide devices, which 
increases device yield at the annealing stage. The method—particularly effective in the 
fabrication of GaAs field-effect transistors (FETs)—unifies the voltage level of the 
devices, thus enhancing the density of GaAs devices, according to the company. 


The new technique involves annealing a GaAs device at about 1000°C for approx- 
imately 10 seconds. The formation of the slip line, or crystal defects, caused by the 
rapid heating and cooling of the GaAs substrate is prevented by inserting a “dummy 
wafer’ between the silicon and GaAs wafers. That wafer softens the impact of the sud- 
den change in temperature. A guard ring placed around the substrate also helps pre- 
vent the formation of defects; it acts as a wall to contain the heat, ensuring uniform 
distribution of heat within the substrate. This new annealing method could help in the 
fabrication of 16k-bit GaAs static RAMs. 


@56k-BIT DYNAMIC RAMs INCORPORATE STATIC-MODE OPERATION 


Two CMOS 256k-bit dynamic RAMs from Fujitsu Ltd—the MB81C258 and the 
MB1C466—feature static-column-mode high-speed operation. The first part is a 256k- 
word x1-bit device, and the second RAM is a 64kx4-bit part that dissipates 0.3-mA at 
standby. Access time in standard modes are 100, 120, and 150 nsec. In static-column 
mode, the speed increases to 45, 55, and 70 nsec. Samples are available for ¥3000 
($18.75). 
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We didn’t get to be a 
major opto supplier by 


building 


‘The fact is, we've been building 
industry leading optoelectronic products 
for over a decade. We've also builta 
reputation for creating products which: 
consistently provide high performance and 

ES 

Like our new alphanumeric intelligent - 
displays featuring a CMOS IC containing — 
ROM, RAM, decoder and drivers, with an 
ultra-fast 50 ns acess time, 

And the industry’s widest selection = 
of dot matrix displays which provide 


| unmatched brightness and uniformity 
with single, dual and tri-colored 
capabilities. 


display modules, surface mount LEDs and 


minor products. 


optoelectronic products, give us a call to 
~ get the name of the distributor or sales 
-__ fepresentative in your area. We'll show 
We also produce visible and infrared you why you should make Lite-On your 
discrete components, custom visible — major opto supplier. = | 


over 40% of the world’s clock displays. 
And because we are totally vertically 
integrated with major automated offshore 
maufacturing facilities, we have unlimited 
custom design and production capabilities. 
So, if you need reliable, innovative 
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Optoelectronics Products 
MS. 570 - 
4951 Airport Parkway 
Dallas, Texas 75248 
(214)-239-3565 


For-complete specs, 
refer to 1985-86 Gold Book 
or Microwaves Directory 


F82-1 REV. A Model PHP 


99 


IN STOCK 


$ 


from 


FILTERS .°9 


- from dc to 3GHZ 


- less than 1dB insertion loss over entire passband 

- greater than 40dB stopband rejection 

- 5 section, 30dB per octave roll-off 

- VSWR less than 1.7 (typ) 

- rugged hermetically sealed package 
(0.4x0.8x0.4 In.) 

- meets MIL-STD-202 

- over 100 models 
BNC, Type N, SMA available 

- immediate delivery "eating High SraRerEE 


L~ Mini-Circuits 


World's large Eun ieciurer of Double Bat anc pea Mi x61 S$ 
P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
omestic and International Telex 125460 International nie 620156 


oe) 


LOW PASS Model °*LP-/|10.7| 50 200 | 300 | 450 
Min. Pass Band (MHz) DC to ; 190 | 270 | 400 | 520 | 580 700; 780{ 900 
Max. 20dB Stop Frequency (MHz) 290 | 410 | 580 | 750 | 840 | 1000! 1100 ! 1340 


Prices (ea.): P $9.95 (6-49), B $24.95 (1-49), N $27.95 (1-49), S $26.95 (1-49) 
HIGHPASS Model :*HP-| 50| 100 | 150 | 200 | 300! 400| 500| 600/ 700| 800| 900/ 1000 


Be en start,max.| 41| 90 | 133 | 185 | 290| 395] 500] 600] 700| 780{ 910 | 1000 
ass Band (MHz) end, min.| 200} 400 | 600 | 800 | 1200 | 1600 | 1600 | 1600 | 1800 | 2000 | 2100 | 2200 


Min. 20dB Stop Frequency (MHz) | 26! 55 95°} 116 190 | 290! 365! 460! 520! 570! 660! 720 


Prices (ea.): P $12.95 (6-49), B $27.95 (1-49), N $30.95 (1-49), S $29.95 (1-49) 
*® Prefix P for pins, B for BNC, N for TypeN,S forSMA —— example: PLP-10.7 CIRCLE NO 16 £80-0 REV. A 


With little more than a westerly wind, a small group of 
adventurers pushed performance to the very edge. 


Discover New World Capabilities. 


Our bipolar products offer speed/ 
power programmability at the logic- 
gate level—to optimize performance 
and minimize overall power dis- 
sipation. In fact, you can get gate 
delays ranging from 225 to 600 pico- 
seconds, depending upon the level 
of macro performance desired. 
With densities of up to 5000 equiva- 
lent gates. You can even specify a 
QM1600S with 1280 bits of static 
RAM and 1600 logic gates together 
on one chip. 


In that same spirit, we at AMCC are 
committed to helping you get the 
maximum efficiency from your high 
performance semicustom designs. 
We offer the broadest line of high 
performance semicustom products— 
because high performance semi- 
custom is all we do. In fact, we’ve 
been successfully delivering efficient 
high performance arrays to America’s 
top electronics companies for years. 
Take a look at our specs and you'll 
discover just how successful our 
way of thinking has become. 
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In addition, our high-density 
CMOS arrays (up to 10,000 gates) 
also offer extraordinary performance 
and efficiency. Typically 1.1ns (while 
dissipating less than 20.W per gate 
per MHz). And, if required for your 
application, all our devices, both 
bipolar and CMOS, can be processed 
to MIL-STD-883C Methods. 


Something Unexpected 

On The Horizon. 

When you bring us your design ideas, 
you'll also discover a combination 
you may not expect. Because in addi- 
tion to high performance bipolar and 
CMOS products, we've also brought 
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Arrays that substantially reduce 
overall parts count and system 
power requirements, and simplify 
component interface. 

So when you're ready for the full 
story on the only independent, high 
performance semicustom supplier 
that works side-by-side with you—to 


high performance service into view. 
With our MacroMatrix™ software 
kit, we can implement your designs, 
whether they've been generated on 
your CAD system, by you at our design 
center or specifically by us for you. 
MacroMatrix is supported on Daisy,” 
Mentor Graphics,™ Tektronix/CAE,” 
Valid™ and Tegas.”™ 


Chart A Course For Your Own 
New World. 

That’s exactly the kind of perfor- 
mance capabilities you’d expect from 
the company that was first to offer 

a flexible design interface and first 
to deliver mixed ECL/TTL arrays. 
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ensure that your designs work right 
the first time—simply call (619) 
450-9338, write us at 5502 Oberlin 
Drive, San Diego, CA 92121 or circle 
the reader service number below. 
AMCC. Dedicated to discovering 
high performance semicustom 
solutions...and delivering them. 


APPLIED MICRO CIRCUITS CORPORATION 


™ MacroMatrix is a trademark of Applied Micro Circuits Corp. 
Trademarks: Daisy—Daisy Systems Corp.; Mentor Graphics— 
Mentor Graphics Corp.; Tektronix/CAE—Tektronix; Valid— 
Valid Logic Systems, Inc.; Tegas—Calma, a division of General 
Electric Co. 
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VITELIC INTRODUCES A TRUE 
CMOS DUAL PORT MEMORY 


You used to have only two choices. 
If you wanted dual port memory, you could 
either build it yourself. Or buy the only inte- 


grated dual port memory product on the market. 


Either way, that wasn’t much of a choice. 
And quite frankly, we kept hearing how much 
more you wanted. 

That's why Vitelic is rolling out an extensive 
dual port SRAM family. You asked us for a lot 
more features than what your current 
options provided. 

And you wanted to add these features 
cost-effectively. Which is why we offer a broad 
range of parts— from our high-performance 
V61C32 to our low-cost V61C35. 

What about making your designs simpler? 
No problem. Our dual ports deliver fully 
asynchronous operation. 

You also wanted your system to run faster. 
SO we engineered fast simultaneous access 
of acommon memory from both ports for 
enhanced throughput. 

To guarantee data integrity, we offer 
on-chip arbitration logic. And for those of you 
who requested a part for battery backup 
operation, we feature 2-volt data retention 
through the use of our exclusive VICMOS 
full CMOS memory cell approach. 


In addition, we offer a full line of CMOS 
memory parts. From SRAMs with densities of 


Our CMOS design 16K, 64K, and 256K 
also provides low 2kx8 | V61C32 | Arbitrated, Busy Flag 55/70/90ns | NOW and speeds as fast as 
power for your | ale (212 [oe [ation min [tat |  25nstoCMGS 
battery-operated sar DRAMs with densities 
designs. And of 64K, 256K, and 1M. 
extended temper- cmos |512x9 And there's a lot 
ature ranges for static FIED. | 1K x9 Through Ti more to look forward 


Choices |1Kx9 


applications in 

harsh environments. 
Then you asked for a manufacturer that 

wouldn't forget about you after the sale. 

SO Vitelic provides ongoing Applications 

Engineering Assistance to help you build 

faster, better, and smarter systems. 


V61C02 | Zero Fall-Through Time 25/35/50ns | 4Q86 
V61C03 | Zero Fall-Through Time 15/20/25ns_ | 4Q86 


to from Vitelic. Like 
our dual port DRAM by the middle of next 
year. And a family of FIFO later this year. 

To find out more about our dual port family 
or other CMOS memory, just give Vitelic a call at 
(408) 433-6012. We'll listen to you. Just like 
we always have. 
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3REAKTHROUGH IN 


Taking The Lead 
In Advanced CMOS Memory. 
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IBM-PC based 


microcomputer 
development tools! 


8868 cpl C 
8861 djnz R4, DoLoop 
doLoo 
8848 xch A,R2Z 
8849 add A, 83 
8848 xch A,R2 
=B84C jb MFlag,ValMax 
BB4F add A, 
OutPi 
8858 mov P1,A 
88s 
no «Ra ) 8) yes 
{ 0863 | R4, DoLoop 


R2 21 R61 P2:FF Ci-FDFE ac-87 
R3 @8 R781 P3-FD C2-@888 PS-48 & 


no EC ja 


(8051 debug/simulator shown) 


Your IBM PC can Assemble, debug 
and program (EPROM) code 

for these popular 
microcomputers: 


registers 

& memory 
change, 
interrupts 
occur, stack 
push & pop. 
Flowgraph 
auto-documents code! 
You set breakpoints & 
register traps, count 
machine cycles, and 
scan source code and 
symbols. Single-key 
commands prompt for 
arguments if needed. 
Have more fun and get 


more done! 
P.O. Box 3000 


ky San Gregorio, CA 94074 U.S.A. 


(415) 726-3000 © Telex 171135 Attn: Cyber 
CIRCLE NO 19 


wo GHoS 


8808 pue 
9608 }de0xe 


debug demo diskette 
and manual only $39.50 


Cybernetic Micro Systems 
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SIGNALS 


& NOISE 


Military engineers don’t 

lack social consciousness 
Dear Editor: 

I was somewhat astonished and 
shocked to read the article on social 
consciousness (“As engineers’ social 
consciousness matures, concerned 
groups act as the guiding light”) in 
EDN’s July 10 issue (pg 293). It’s 
one thing to have some individuals 
express objections to working on 
military applications, but to endorse 
this viewpoint or to imply that engi- 
neers working on military projects 
shirk their social consciousness is 
certainly going too far. I have al- 
ways considered EDN to be one of 
the most prestigious publications in 
professional electronics, and I feel 
that political rhetoric, as quoted in 
the article, is completely out of 
place. 

Though I am not involved in any 
military application of electronics, I 
believe those working on military 
projects are honorable and patriotic 
individuals who are directing their 
professional talents to help protect 
our country. To imply that there is a 
lack of social consciousness or that 
there is something evil about mili- 
tary research or weapons systems is 
not only doing a disservice to many 
individuals, but also to our country. 


“WELL, YES, IT DOES LOOK 
LIKE THE PICTURE IN THE 
CATALOG. HOWEVER ...” 


To ensure peace, we cannot afford to 
be weak or unprepared! Those who 
blindly follow the activists’ peace 
marches must be incredibly naive to 
disagree with this conclusion. 

The reason these peace groups 
have been unable to recruit many 
members from the engineering pro- 
fession is probably that engineers 
think more logically and are skep- 
tics at heart, rather than that 
there’s any lack of publicity or social 
consciousness among engineers. 
Sincerely yours, 

Paul S Polkowski 
Electronic Engineer 
Granger Associates 
Santa Clara, CA 


DoD engineers 
aren't “hired hacks” 


Dear Editor: 

I am personally affronted by the 
portrayal of engineers who work 
with and for the Department of De- 
fense in the editorial “Engineering 
organizations that emphasize social 
concerns deserve your support“ in 
the July 10 issue of EDN (pg 47). 
The editorial tends to identify indi- 
viduals such as myself, a DoD con- 
tractor, as mindless “hired hacks” 
out to unconsciously destroy the 
world. Of course, there is another 
opinion that the editorial did not 
attempt to address. 

By working for the DoD, we can 
greatly enhance our national de- 
fense by employing technology that 
can warn us of and avert confronta- 
tion, as well as deter offensive ac- 
tion. Further, one can’t argue with 
the fact that through advanced stra- 
tegic, tactical, and electronic tech- 
nologies, the world has been rela- 
tively peaceful for over 40 years 
now. Also not identified in your edi- 
torial is the fact that DoD engineer- 
ing is a major driving force behind 
technology, that almost all DoD re- 
search is devoted to endeavors that 
are on the leading edge of technolo- 
gy in one regard or another. Much 
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SPR A P | . Sprague UDN-2878W and UDN-2879W Quad High-Current Darlington Switches provide 
a new level in power control capability. They serve as interface between low-level 

logic and high-power peripheral 

ARLINGTONS SWITCH 222252" 
UP and incandescent displays. 


? Capable of handling loads up to 320 W per channel, they are provided 

@ in 12-pin single in-line power tab packages. The inputs are compatible with 
most TTL, DTL, LS TTL, and 5 V CMOS logic. The UDN-2878W has an output voltage rating to 50V (35 V sustaining) while 
the UDN-2879W has an 80 V (50 V sustaining) rating. Volume pricing (50k) is just over $2. Sprague Electric Company, a 
Penn Central unit, Worldwide Hdgtrs., Lexington, MA. Write for Engineering Bulletin 29305.10 to 
Technical Literature Service, Sprague Electric Co.,41 Hampden Road, Mansfield, MA 02048-1807. 


For applications assistance, call Mark Heisig at 617/853-5000. 
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SIGNALS & NOISE 


of current technology owes its exis- 
tence to the DoD. 

There are many in the DoD com- 
munity who view military develop- 
ment as a legitimate, moral career 
choice. Clearly, the American popu- 
lation also feels similarly; other- 
wise, their tax dollars would not 
support it. I would argue that few 
DoD engineers have unconsciously 
chosen to be where they are, as your 
articles would claim. Those who feel 
that they have been forced into such 
jobs have only themselves to blame 
for their unconscious actions that 
failed to prevent it from happening. 

Aside from the political and moral 
aspects, I also claim that there are 
numerous personal benefits in work- 
ing for the DoD. Having worked in 
both commercial and military re- 
search and development, I have 
found the government work I have 
done far more rewarding. DoD re- 
search is always attempting to go 


beyond the state of the art, which 
greatly enhances personal satisfac- 
tion while providing a rich technical 
environment in which to learn and 
grow. My experience in commercial 
development taught me that com- 
mercial companies rarely have the 
money or the time to invest in ad- 
vancing the state of the art; instead, 
their emphasis is primarily on sell- 
ing inventions, which frequently 
doesn’t involve much engineering 
expertise. In commercial industry, 
there’s also a much stronger tenden- 
cy for an engineer to be pigeonholed 
into a single job function. 

As far as morality in engineering, 
I am an ardent supporter of it. How- 
ever, to merely atttack and label the 
DoD community as a whole is nei- 
ther constructive nor fruitful. Like 
the protesters in the ’60s, who even- 
tually found that the only way to 
change something is from within, 
those who wish to change the direc- 


Micro/sys: the last 


word in STD BUS products. 


The Micro/sys STD BUS product line 
includes all of the functions required 
to implement your instrumentation, 
control, data acquisition and 
handling systems. 


Choose from one of the broadest 
lines of STD-8088 and STD-Z80 


products: 

* Processors ¢ Disks 

¢ Memories * Communications 

¢ Digital I/O ¢ Analog I/O 

° Slave ° CRT video 
Processors ° CMOS Versions 


¢ DMA, Interrupt 


And, just as important, develop- 
ment support we're famous for: 


CP/M trademark of Digital Research 


° Links to 


¢ A truly ROMable 
the IBM-PC 


C Compiler for 

each CPU card ¢ Prototyping 
*PCDOS and CP/M Packages 

¢ Turnkey Systems 
Call or write for your FREE copy 

of the Micro/sys STD BUS Product 
Selection Guide. It’s the best starting 
point for your next design. 


[ae 


1011 Grand Central Avenue 
Glendale, CA 91201-3010 
(818) 244-4600 * TLX170788 


IBM-PC trademark of International Business Machines Corp. 
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tion of technology must participate 
in its development. 

Sincerely yours, 

Dean A Eckstrom 

Digicomp Research Corp 

Ithaca, NY 


(Ed Note: Lest other readers also 
conclude that EDN was criticizing 
the Department of Defense in either 
the editorial or the Professional Is- 
sues column of the July 10 issue, we 
would like to point out that we neti- 
ther intended nor stated any such 
criticism in either of those articles. 
Further, the editorial did not char- 
acterize any engineer as a “hired 
hack”; it stated merely that engi- 
neers, with the great responsibility 
they have for the direction technolo- 
gy takes, must not behave like hired 
hacks; they must carefully consider 
the consequences of their actions. 

As to the relevance for EDN read- 
ers of the Professional Issues arti- 
cle in question, we have good evi- 
dence that the social implications of 
technology, especially military 
technology, are of concern to a sig- 
nificant number of engineers. An 
[KEE poll of its members last year 
revealed that one-third of IEEE 
members “considered assignment to 
nonmilitary work an important 
factor when changing jobs.” 


YOUR TURN 


EDN’s Signals and Noise column pro- 
vides a forum for readers to express 
their opinions on issues raised in the 
magazine's articles or on any topic that 
affects the engineering industry. Send 


your letters to the Signals and Noise 
Editor, 275 Washington St, Newton, 
MA 02158. We welcome all comments, 
pro or con. All letters must be signed, 
but we will withhold your name upon 
request. We reserve the right to edit let- 
ters for space and clarity. 
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MMORTALITY 


Contactless Sensors That Never Die 


No product lasts forever, but Spectrol’s new 
“Blue Pot” sensors will never die due to contact 
friction—because the contacts have been eliminated. 
By utilizing a patented, friction-free magneto-resistive 
technology, Blue Pot resistive sensors are setting 
the new standards in longevity. 

If your application requires the repetitive mea- 
surement of changes in angle, linear positioning, 
pressure, or inclination—these new sensors are ideal 
for your purpose. They are available in a variety of 
sizes in those four application types. In addition to 
almost limitless life, long-term output, and rugged 
construction, these sensors feature infinite resolu- 
tion and elimination of common noise caused by 
contact bounce. They also offer greater sensitivity 
and provide excellent high frequency and high- 
speed response. 

But these contactless precision sensors are just 
the latestaddition to Spectrol’s comprehensiveline of 
motion and position sensors. For more information 
about the complete Spectrol sensor line, or to make 
contact with the new “contactless” technology, call 
Spectrol today. Spectrol Electronics, 17070 E. Gale 
Avenue, City of Industry, CA 91745, (818) 964-6565. 
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ktronix Aidec 
To Win With 


engineering: 
leam Engineering. 


In your all-important race to Shetpoes 
producing quality products quickly 
_and ence is of the essence. The 
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At the heart of Tektronix team engi- 


- neering is our powerful Designer's 
| Database, which gives team members 
Rasy access to design information. 


ssign entry regularly updates 
ors with database, provid- 


is and simulation results 
ible to everyone. 
», project managers 


and compliance with specifications, 
ensuring an integrated design. 

All of which helps you shorten your 
design cycle and get to market faster, 
ahead of the competition. 

It's all part of Tektronix Aided Engi- 
neering. A family of software design 
and test tools addressing each area of 
your product development cycle. 
From design capture and verification 
to placement and routing. 

Best of all, its backed by Tektronix. 
So you're assured of worldwide support 
and service to keep your systems up 
and running at peak performance. 

To find out how you can win with team 
engineering call your local Tektronix, 
CAE Systems Division sales office. 

Or write: Tektronix, CAE Systems Divi- 
sion, 5302 Betsy Ross Drive, PO Box 
58137, Santa Clara, CA 95052-8137. 
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Tektron 


COMMITTED TO EXCELLENCE 


Pin compatible with 

standard (non-isolated) 
TO-218—reduces 
assembly costs 


36 


#1 IN ANEW SERIES Ri OF ADVANCED POWER PRODUCTS. 


4000 V isolation 


High-Voltage TO-218 


Automated high volume 
assembly assures quality 


Half the price of 
non-isolated TO-218's 


» 


SILICONIX INTRODUCES A NEW LOW IN 
MOSPOWER. 


MOSPOWER-6,” the new generation of MOSPOWER 
made possible by our 6” Class 1 wafer fab line, has 
inherent cost, performance, and reliability advantages. 

Case in point: our new electrically-isolated, TO-218 
plastic package (2N7056, 2N7059), guarantees 4000 V 
isolation. High yields from our 6” fab have enabled us 
to drop the price to half of what you'd pay for a con- 
ventional TO-218 package. 

But low price is only half the story here. Our new 
ISOWATT218* packaging reduces board mounting and 
assembly costs by as much as 40%. 

And the inherent cleanliness of our Class 1 fab 
line means built-in reliability. 


INDUSTRY PRICING DOLLARS PER AMPERE AT 500 V 


JEDEC registered 
(2N7056, 2N7059) 


Second source 
already in place 


Approximate Bipolar Cost at 500 V 


1986 1987 
APPROXIMATE 1K PC MARKET PRICE 


For more information or product literature call: 1 (800) 554-5565, Ext. 906. To place an order call our local sales offices. Central U.S.: Illinois 312/960-0106, Ohio 216/835-4470, 
Texas 214/385-4046, Northwest U.S.: Calif. 408/988-8000, Colorado 303/771 -6886, Eastern U.S.: Connecticut 203/431-3535, Mass. 617/890-7180, Florida 305/831- 3644. 
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HOW LOW 
WE GET? 


SILICONIX INTRODUCES NEW HIGHS effective MOSPOWER-6 parts that are going to change 
IN SERVICE AND SUPPORT. Corinne the way you handle power. 

Get the latest on MOSPOWER in What's next? How about other isolated TO-218 
our MOSPOWER Applications Hand- -Products? Ora chip with ON-resistance so low it's 
book. You can also get your : = almostnotthere at all? 

MOSPOWER Computer Data Book. Stay tuned for the next generation. 
It's ona floppy disk and runs on A GENERATION AHEAD 
IBM or compatible PCs. IN MOSPOWER. 

Call our toll-free Hot line for 

your personal MOSPOWER design 


package. And once you're ready with your _ psf S i i ICoOMnix 


design, call your local Siliconix sales office for an incorporated 
evaluation sample. 2201 Laurelwood Road 

The isolated TO-218 is just the first in a series of Santa Clara, CA 95054 
technically superior, exceptionally reliable, cost- 1 (800) 554-5565, Ext. 906 


Southwest U.S.: Calif. 714/544-8378, U.K.: (0635) 30905, W. Germany: (0711) 702066/089-611-4091, France: (1) 43.77.07.87, Scandinavia: (0) 8 795 93 90, Italy: (02) 473661, 4228026, 
Hong Kong: 3-427151, Japan (03) 506-3470. © 1986 Siliconix, incorporated. MOSPOWER-6 is a trademark of Siliconix, inc. *ISOWATT218 is a trademark of SGS Semiconductor Corp. 
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You have 
ASIC. = 
e lems getting 


your logic diagrams and timing 
specifications together. Now you 
have to pick one of the 50 or so 
ASIC vendors clamoring for your 
business. 

ASIC design can be complex 
and time-consuming—and frus- 
trating if the vendor you choose 
is too big and busy to deal with the 


©California Devices, Inc 1986 
Channelless is a trademark of California Devices, Inc 


people added a fourth: “learn how 

to listen.” It may sound like common 
courtesy, but it gets problems 
solved. And it’s won us a lot 

of repeat customers. 

Worried about design 
software? We've developed 
programs that support 
everyone from first-time designers 

to seasoned veterans. Our extensive 
logic array and standard cell libraries 
help speed the design process. 


unique problems your project 
is bound to run into. 

At California Devices we're 
big enough to solve your 
problems, and small 
enough to want to. 

California Devices 
is probably run a lot like 
your company. We have three ~ 
rules: “Do the right thing, look 
for new ways, and try harder.” Our 
sales and engineering support 


_ iq 
82£00I vHD 


And for maximum flexibility, our new 
WISE II electrical and physical 
design package lets you place and 
route up to 12,000 gaies, right 

on your own workstation. 

Are package size and perfor- 
mance critical to your success? No 
sweat. California Devices izvented — 
Channelless™™ architecture, a 
technology other major vendors 
are just now discovering. 

And when you're ready for 


prototypes you won't have to trade 
off turnaround time for a high 
degree of performance or func- 
tionality. Our fab runs a parallel 
line for prototypes, so no matter 
how complex your product is, you'll 
set it in days, rather than weeks. 
Before you pick an ASIC vendor, 
ask yourself what priority he'll give 
your project. If you don’t like the 
answer, you now have an alternative. 
You've discovered California Devices. 


California Devices, 1051 
South Milpitas Blvd., Milpitas, 
California 95035 (408) 945-5000 


TELEX 176-928 
CALIFORNIA 


COA saxo 


The path of least resistance 
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or the |BM PC, XT and AT. They all 
have a resolution of 480 X 512 pixels, and 


binary frame grabber contains on-board 
Processing circuits that allow you to perform 
motion analysis in real time by accumulat- 
ing images. It also achieves real-time com- 
parison of images to a template by XORing 
the incoming images to a reference, and even 
performs edge detection in 67 ms. Our gray 
level frame grabber, the Oculus-200, con- 
tains self- -incrementing address registers, and 
256 Kb of on- “board memory. 


Options include a palette of 4096 colours, 
real-time image integration, and a co-pro- 


Motion 
Analysis 
with 
Oculus-150 


grab 30 images per second. Our Oculus-150 ° 


A COMPLETE LINE 
OF COMPU ER 


cessor board speeding-up calculations by a 
factor of 100. These products will soon be 
available for the VME bus. 


SOFTWARE 


Half of our research efforts go into develop- 
ing software for our products. Our Binary 
and Gray libraries of functions allow you to 
configure your own applications in a matter 
of hours: simply use the high level C 
language to call our efficient machine 
language functions, which include code for 
pattern recognition and artificial intelligence 
activities. Industrial Inspector is a menu- 
driven, user-friendly program that turns an 
IBM personal computer into an industrial 
inspection station. It can be used for count- 
ing objects, dimensional inspection, ac- 
ceptance-rejection by comparison to a 
template, and character recognition. Our 
Picture Book Program lets you perform 
image compression and filing and is compati- 
ble with DBase II. 


Our prices are beyond compare, either indi- 
vidually or in large quantities. We also de- 
velop custom software or hardware, and de- 
liver turnkey systems. Write or call for the 
address of our nearest representative. 


U.S.A. 1-800-361-4997 


Mi PC. PE XT, and PC AT are registered trade-marks of International Business Machines, inc. 
"VME Products available first quarter 1986 
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DID YOU KNOW? 


1986 marks EDN’s 


three decades of dedication to the 
electronics industry. 


EDIN 


CALENDAR 


Northcon, Seattle, WA. Electronic 
Conventions Management, 8110 
Airport Blvd, Los Angeles, CA 


90045. (213) 772-2965. September 30. 


to October 2. 


Buscon/East (Microcomputer Bus 
and Board Conference and Exposi- 
tion), Woburn, MA. Multidynamics, 
17100 Norwalk Blvd, Suite 116, 
Cerritos, CA 90701. (213) 402-1610. 
October 1 to 2. 


Analog Applications Seminar, San 
Jose, CA. Precision Monolithics, 
1500 Space Park Dr, Santa Clara, 
CA 95054. (800) 848-1515; in CA, 
(800) 826-9664. October 2. 


ICTTE ’86 (International Congress 
on Technology and Technology Ex- 
change), Pittsburgh, PA. Interna- 
tional Technology Institute, 7125 
Saltsburg Rd, Pittsburgh, PA 
15235. (412) 795-5300. October 6 
to 8. 


International Symposium on Mi- 
croelectronics, Atlanta, GA. Inter- 
national Society for Hybrid Microe- 
lectronics, Box 2698, Reston, VA 
22090. (703) 471-0066. October 6 
to 8. 


Modern Electronic Packaging, 


Newton, MA. Technology Semi-. 


nars, Box 487, Lutherville, MD 
21098. (301) 269- 4102. October 6 
to &. 


ISHM International Symposium, 


Atlanta, GA. International Society — 


for Hybrid Microelectronics, Box 
2698, Reston, VA 22090. (703) 471- 
0066. October 6 to 8. 


IEEE International Conference 


on Computer Design, Port Ches- 
ter, NY. Michael Wayne, IBM East 
Fishkill Facility, Dept 156, Bldg 
903-92A, Rte 52, Hopewell Junc- 
tion, NY 12533. (914) 894-0540. Oc- 
Sober 6 to 9. 


FOC/LAN (Fiber Optics Communi- 
cations and Local Area Networks 
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How many long unproductive hours 
have you spent “in line” for your simula- 
tion? Well, no more. MICROCAP and 
MICROLOGIC can put you on line by — 
turning your PC into a productive and 
cost-effective engineering workstation. 

Both of these sophisticated engineering 
tools provide you with quick and efficient 
solutions to your simulation problems. 
And here’s how. 


MICROCAP: 
Your Analog Solution 


MICROCAP is an interactive analog 
circuit drawing and simulation system. 
It allows you to sketch a circuit diagram 
right on the CRT screen, then run an AC, 
DC, or Transient analysis. While pro- 
viding you with libraries for defined 
models of bipolar and MOS devices, 
Opamps, transformers, diodes, and much 
more, MICROCAP also includes features 
not even found in SPICE. 

MICROCAP II lets you be even more 
productive. As an advanced version, it 
employs sparse matrix techniques for 
faster simulation speed and larger net- 


put your engi 


AU WE 


“Typical MICROCAP Transient Analysis” 


works. In addition, you get even more 
advanced device models, worst case Capa- 
bilities, temperature stepping, Fourier 
analysis, and macro capability. 


MICROLOGIC: 
Your Digital Solution 


MICROLOGIC provides you with a 
similar interactive drawing and analysis 
environment for digital work. Using 
standard PC hardware, you can create 
logic diagrams of up to 9 pages with each 
containing up to 200 gates. The system 
automatically creates the netlist required 
for a timing simulation and will handle 
networks of up to 1800 gates. It provides 
you with libraries for 36 user-defined 
basic gate types, 36 data channels of 256 
bits each, 10 user-defined clock wave- 
forms, and up to 50 macros in each net- 
work. MICROLOGIC produces 
high-resolution timing diagrams showing 
selected waveforms and associated 
delays, glitches, and spikes—just like the 
real thing. 
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MICRO CAP and MICRO LOGIC 
neers on line... 
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“Typical MICROLOGIC Diagram” 


Reviewers Love 
These Solutions 


Regarding MICROCAP.... “A highly 
recommended analog design program” 
(PC Tech Journal 3/84). “A valuable tool 
for circuit designers” (Personal Software 
Magazine 11/83). 

Regarding MICROLOGIC .. . “An effi- 
cient design system that does what it is 
supposed to do at a reasonable price” 
(Byte 4/84). 


MICROCAP and MICROLOGIC are 
available for the Apple II (64k), IBM PC 
(128k), and HP-150 computers and priced 
at $475 and $450 respectively. Demo 
versions are available for $75. 

MICROCAP II is available for the 
Macintosh, IBM PC (256k), and HP-150 
systems and is priced at $895. Demo 
versions are available for $100. 

Demo prices are credited to the 
purchase price of the actual system. 


Now, to get on line, call or write today! 


Spectrum Software 


1021 S. Wolfe Road, Dept. E 
Sunnyvale, CA 94087 
(408) 738-4387 


Microprocessor Development 


On-Line Help menus, 
Command Glossary, 
and Word List. 


Windows can be used 
to view source files, 
previous traces, 

and more. 


Symbol translation 
or source code 
line display. 


Screen displays scroll off 
into history buffer — 
can be viewed later. 


Dreams Come True! 


Pop-up Mode 
Selection panel 
| called by soft key. 


Disassembly of code 

in memory can be 
“compared with trace in 
adjacent window. 


Symbolic debug 
register display. 


Context sensitive 
prompt line. 


NEW UniLab II": FOUR INSTRUMENTS IN ONE! 


Here are all the development 
tools you ever dreamed of integrated 
into one PC-controlled system: 

-@ An Advanced 48-Channel Bus 
State Analyzer 
@ An 8/16-Bit Universal Emulator 
@ A Built-In EPROM Programmer 
@ An Input Stimulus Generator 


The synergy of these instru- 
ments that were designed together 
to work together saves you time and 
money. All UniLab II commands 
and menus are seamlessly integrated 
into a single, super-efficient working 
environment. 


ACTION COUPON 
Send me info on UniLab II and 
your No-Risk 10-Day Evaluation! 


Name: Title: 
Company: 
Address: 
City: 
State/ZIP: 
Tels 


Ext. 
EDN91886 


UniLab II™ 


Universal Development Laboratory 


‘ ype ae te 
RIOR Uriversal Develoorent Labonitory 


702 Marshall Street 
Redwood City, California 94063 
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An Integrated Software 
Environment, too! 


Imagine being able to split your 
screen and look at real-time program 
traces and the source code that pro- 
duced them at the same time! Then 
go to the On-Line Help or pop-up 
Mode Panels instantly. 

If you see something on a trace 
that doesn’t look like last time, you 
can hold it in one window while 
you scroll back through your pre- 
vious displays. 

If you set a breakpoint and 
single-step, you can then go back to 
using the analyzer without missing 
a beat. You can even execute a DOS 
batch file from UniLab to edit, as- 
semble, and link, then automatically 
load the new program and symbol 
table. UniLab uses the full power of 
the PC. 


Find bugs fast with 
Hardware-assisted 
Debugging 

The traditional way to look for 
bugs is to single-step through sus- 
pect parts of the code until you catch 
it in the act. This requires a lot of 
guessing and wasting time. 

With UniLab’s built-in analyzer, 
you eliminate the guesswork. Just de- 
scribe the bug symptom as a trigger, 
and let the UniLab hardware search 


for it as your program runs in real 
time. UniLab will show you a trace 
of the program steps leading up to 
the symptom, almost like magic. 


A friendly user interface 


UniLab lets you use commands 
or menus — or a mixture of both. An 
on-line manual, soft-key help screens, 
a glossary of commands and their 
parameters, with full-screen writeups 
are also at the ready. 


Reconfigure for any 8 or 
16-bit processor in seconds 


Thanks to our unique approach 
to emulation, changes between pro- 
cessor types require only cable and 
diskette changes. At last count, we 
specifically support over 120 micro- 
processors. 

Bonus! The built-in EPROM 
Programmer and Stimulus Genera- 
tor are simply icing on the cake. 


Affordable capability 


How much does all this superior 
capability cost? A lot less than our 
less able competitors, and probably 
a lot less than you expect. Our pro- 
ducts are sold with a Money Back 
Guarantee, and our crack team of 
Applications Engineers is standing by 
if you need help. Get the full story 
on the amazing UniLab II and how it 
can liberate your development pro- 
jects, today. 


CALL TOLL FREE: 1-800-245-8500 
In California (415) 361-8883 


CIRCLE NO 37 


EDN September 18, 1986 


CALENDAR 


Exposition), Orlando, FL. Informa- 
tion Gatekeepers Inc, 214 Harvard 
Ave, Boston, MA 02134. (617) 232- 
3111. October 6 to 10. 


Interkama ’86 (10th International 
Congress with Exhibition for In- 
strumentation and Automation), 
Dusseldorf, West Germany. Dussel- 
dorf Trade Shows, 500 5th Ave, 
New York, NY 10110. (212) 840- 
7744. October 6 to 11. 


Analog Applications Seminar, Dal- 
las, TX. Precision Monolithics, 1500 
Space Park Dr, Santa Clara, CA 
95054. (800) 848-1515; in CA, (800) 
826-9664. October 7. 


Federal High Technology, Wash- 
ington, DC. Foresight Science and 
Technology, 2000 P St NW, Suite 
305, Washington, DC 20036. (202) 
833-8844. October 7 to 8. 


Semicom ’86, St Paul, MN. Semi- 
com ’86, 277 Coon Rapids Blvd, 
Suite 201, Minneapolis, MN 55433. 
(612) 780-5654. October 7 to 8. 


Military Electronics Market: Out- 
look and Forecast of Future Op- 
portunities, San Francisco, CA. 
Electronic Industries Association, 
2001 Eye St NW, Washington, DC 
20006. (202) 457-4942. October 7 
£0: 9. 


Nepcon Northwest, Santa Clara, 
CA. Cahners Exposition Group, Box 
5060, Des Plaines, IL 60017. (312) 
299-9311. October 7 to 9. 


Power Sources Users Conference, 
San Jose, CA. Power Electronics 
Conferences, 17100 Norwalk Blvd, 
Suite 116, Cerritos, CA 90701. (213) 
402-1610. October 7 to 9. 


19th Annual Connectors and In- 

-terconnection Technology Sympo- 
sium, Anaheim, CA. Electronic 
Connector Study Group, Box 167, 
Fort Washington, PA 19034. (215) 
825-3840. October 7 to 9. 
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Try Our Low 
Cost Solution Io 
Your1.5” Problem 


When the fit is 
tight, the light- 
weight, low 
inertia V70 Series 
modular optical 
encoder fits in eas- 
ily and provides top qual- 
ity performance at the 
lowest cost. Easy to install, 


the 2-inch Modu- 
lar V90 Series. 
The V70 is 
designed for such 
tasks as pick-and- 
place robotic axis 
positioning, capstan tape 
drive velocity feedback, 
plotter pen position drives, 


these Honeywell units etc. The V70 and V90 are 
include a high stability available immediately in 
polycarbonate photo- low priced OEM 

head, hermetically quantities. 


sealed light source 
and sensors, anda 
custom square- 
wave output com- 
parator chip, just 
like its big brother, 


SINGLE EVALUATION UNIT 
AT $19.95 TO QUALIFIED 
0.E.M. CUSTOMERS 
CONTACT THE FACTORY 
FOR DETAILS OF OFFER!! 


V70 Series 


Q\tllliy, 
s % 


Disc (MSCRUMNEIES Honeywell sussiciary 


102 East Baker Street, Costa Mesa, CA 92626 
714-979-5300 * TWX (910) 595-1987 DISC CSMA 
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DID YOU KNOW? 


Half of all EDN’s 


articles are staff-written. 


EDN 


TOSHIBA. THE POWER 


AREA SALES OFFICES: CENTRAL AREA, Toshiba America, Inc., (312) 945-1500; EASTERN AREA, Toshiba America, Inc., (617) 272-4352; NORTHWESTERN AREA, Toshiba America, Inc., (408) 244-4070; SOUTHWESTERN REGION, 
Toshiba America, Inc., (714) 752-0373; SOUTH CENTRAL REGION, Toshiba America, Inc.. (214) 480-0470; SOUTHEASTERN REGION, Toshiba America, Inc 


Toshiba America, Inc., (914) 462-5710; MAJOR ACCOUNT OFFICE, BOCA RATON, FLORIDA, 
Summit Sales, (602) 998-4850; ARKANSAS, MIL-REP Associates, (512) 459-8602: CALIFORNIA (Northern) Elrepco, Inc., (415 


] ., (404) 493-4401; MAJOR ACCOUNT OFFICE, POUGHKEEPSIE, NEW YORK, 
Toshiba America, Inc., (305) 394-3004. REPRESENTATIVE OFFICES: ALABAMA, Montgomery Marketing, Inc., (205) 830-0498; ARIZONA, 


) 962-0660; CALIFORNIA (L.A. & Orange County) Bager Electronics, Inc., (818) 712-0011, 
(714) 957-3367, (San Diego County) Eagle Technical Sales, (619) 743-6550; COLORADO, Straube Associates Mountain States, Inc., (303) 426-0890 


(301) 825-0775; FLORIDA, Sales Engineering Concepts, (305) 834-7656, (305) 426-4601, (813) 963-1042: GEORGIA, Mont 


; CONNECTICUT, Datcom, Inc., (203) 288-7005; DISTRICT OF COLUMBIA, ArboTek 


gomery Marketing, Inc., (404) 447-6124; IDAHO, Components West, (509) 255-6224: ILLINOIS, Carlson 
Electronic Sales, (312) 956-8240, R.E.P.S., (215) 529-5711: INDIANA, Leslie M. DeVoe Company, (317) 842-3245; IOWA, C.H. Horn, (319) 393-8703: KANSAS, D.L.E. Electronics, (316) 744-1229: KENTUCKY, Leslie M. DeVoe 
Company, (317) 842-3245; LOUISIANA, MIL-REP Associates, (713) 444-2557; MAINE, Datcom, inc., (617) 891-4600: MARYLAND, Arb 


oTek, (301) 825-0775; MASSACHUSETTS, Datcom, Inc., (617) 891-4600: MICHIGAN, Action 


IN MOS ICs. 


For years Toshiba has been the power 
in MOS Ics. Leaders in static RAMs, 256K 
DRAMs and ROMs. The world’s second larg- 
est producer of cmos logic and 4-bit MPUs. 
A volume producer of gate arrays and cus- 
tom products. And now, as the world 
moves from NMOS to CMOS, guess who has 
the experience, the technology and the 
production capacity to lead the way? The 
people with the power, the #1 CMos man- 
ufacturer in the world. Toshiba. 


‘TOSHIBA IS 
MEMORY POWER 


1 Mb Dynamic RAMs_ 
' We're a leader in volume 
- production of 1 Mb DRAMs 
and also 256K DRAMs. If you 
are thinking powerful. 
memory, talk with us. 


Static_RAMs in NMOS and CMOS 


We make a really fast 2K x8 static RAM — 
35 ns. And we were first to introduce the 
8K x 8 CMOS static RAM. Today we lead the 
industry in byte wide memory products 
with the 32K x 8 (256K) CMOS static RAM now 
available! 

ROMs 1n NMOS and CMOS 

We developed the 256K ROM, and within 
a year of its introduction, we were supply- 
ing over 50% of worldwide demand. In 
CMOS we created and are now producing 
in volume the 1Mb high-speed CMos 
mask ROM. | 3 
EPROMs 1m NMOS and CMOS 

Toshiba was first in the world to intro- 
duce the 256K CMOS EPROM. And we can 
meet all your EPROM needs today with high 
density products that can accommodate an 
entire utility program. 


® Z80 is a trademark of Zilog Inc. 
LDS is a trademark of LSI Logic Corporation. 


TOSHIBA IS 

MPU POWER 
Toshiba offers a CMOS Z-80° MPU 
and peripherals that are hard- 
ware and software compatible with the 
z-80 family, and they are second sourced. 

In addition, we have high volume pro- 
duction now on CMOS and NMOS 8048 and 
3049 products. We’re also in volume pro- 
duction with the 8085 and peripherals. In 
fact, Toshiba has one of the world’s most 
comprehensive lines of CMos and NMOS MPUs. 

TOSHIBA IS 

LOGIC POWER 
In 1980 Toshiba introduced 
the first high-speed cmos logic 
series in the industry. Today we are #2 
worldwide in the production of cmos logic. 

Our new 74HC series has an operating 


speed 30 times greater than standard 


cmos logic, with low power requirements, 
wide voltage ranges and high noise 
immunity. 


TOSHIBA IS 
PRODUCTION POWER 
FOR STANDARD CELLS, 

GATE ARRAYS & 
CUSTOM PRODUCTS. 


Toshiba has ample design capability at its 
design centers, so with our experience, 
LDS™ software and applications staff, you 
can develop your own. 


More importantly, we have the volume 
production capability to meet your needs. 


Toshiba. The power in design, develop- 
ment and production. In memories, MPUs, 
logic, custom and semicustom. If you're 
working in Mos, meet the people with the 
power. Meet Toshiba. 


TOSHIBA AMERICA, INC. 


Components Sales, (313) 349-3940; MINNESOTA, Electric Component Sales, (612) 933-2594; MISSISSIPPI, Montgomery Marketing, Inc., (205) 830-0498; MISSOURI, D.L.E. Electronics, (316) 744-1229; MONTANA, Components 


West, (206) 885-5880; NEVADA, Elrepco, Inc., (415) 962-066 


0: NEW ENGLAND, Datcom, Inc., (617) 891-4600; NEW HAMPSHIRE, Datcom, Inc., (617) 891-4600; NEW MEXICO, Summit Sales, (602) 998-4850; NEW YORK, Nexus 


Technology, (201) 947-0151; Pl-tronics, (315) 455-7346; NORTH CAROLINA/SOUTH CAROLINA, Montgomery Marketing, Inc., (919) 467-6319; NORTH DAKOTA/SOUTH DAKOTA, Electric Component Sales, (612) 933-2594; OHIO, 


Steffen & Associates, (216) 461-8333; (419) 884-2313, (513) 293-3145; OKLAHOMA, MIL-REP Associates, (214) 


644-6731: OREGON, Components West, (503) 684-1671; PENNSYLVANIA, Nexus Technology, (215) 295-6549, Steffen 


& Associates, (412) 276-7366; RHODE ISLAND, Datcom, Inc., (617) 891-4600; TENNESSEE, Montgomery Marketing, Inc., (615) 984-7080; TEXAS, MIL-REP Associates, (512) 459-8602, (713) 444-2557, (214) 644-6731; UTAH, 
Straube Associates Mountain States, Inc., (801) 263-2640; VERMONT, Datcom, Inc., (617) 891-4600; VIRGINIA, ArboTek, (301) 825-0775; WEST VIRGINIA, Steffen & Associates, (419) 884-2313; WASHINGTON, Components West 


(206) 885-5880, (509) 255-6224; WISCONSIN, Carlson Electronics, (414) 476-2790, Electric Component Sales, (612) 


Components West, (206) 885-5880; ONTARIO, Electro Source, Inc., (416) 675-4490, (613) 726-1452. 
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933-2594: WYOMING, Straube Associates Mountain States, Inc., (303) 426-0890; CANADA, BRITISH COLUMBIA, 
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16K x 4 SRAM upgrades Cache, 
Tag and Buffer Memory. 


Design-in NEC’s »PD4362 fast Static RAM and you'll 
save memory space, upgrade your system's perform- 
ance and reliability, and reduce power consumption— 
all at the same time. 


The 16K x 4 organization is ideal for upgrading 
cache, tag, and buffer memories. And with NEC’s 
new MIX-MOS process, you get CMOS performance 
at NMOS prices. 


NEC has the variety to suit your application needs. 
Choose from three speeds: 45, 55, and 70 ns. And all 
are available in the JEDEC approved 22-pin plastic DIP. 
Take advantage of NEC’s full line-up of fast SRAMs 
with 15 variations of speed, power, and packaging. 


Put extra glitter in your bottom line with NEC’s 
4362 SRAM. It’s worth its weight in pure performance. 


High Speed SRAM Selection Guide 


Device oc “i Organization Availability 
uPD4361 40/45/55/70~64Kx 1 Now 
uPD4362 45/55/70 16K x4 Now 
uPD4311_ = 35/45/55 16K x 1 Now 
uPD4314. 35/45/55 4Kx4 Now 


For further information, please contact: 

BUSA Tel:415-960-6000. TWX:910-379-6985 

MEurope W.Germany Tel:0211-650302. Telex:8589960 NE D. 
The Netherlands Tel:040-445-845. Telex:51923 NEC B NL. 
Sweden Tel:08-732-8200. Telex:13839 NECSCAN. 
France Tel:1-3946-9617. Telex:699499 NEC EF. 
Italy Tel:02-6709108. Telex:315355 NEC EIT I. 
UK Tel:0908-691133. Telex:826791 

B Asia Hong Kong Tel:0-242-824. Telex:54561 HK NEC HX. 

Taiwan Tel:02-522-4192. Telex:22372 HK NEC TP. 

Singapore Tel:4819881. Telex:39726 NECSIN RS. 
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vith new SURGECTOR. 


A breakthrough in surge 
protection. 

Now there is something new in 
the world of surge protection. Sur- 
gectors are unlike zeners, MOVs, 
carbon arrestors or gas discharge 
devices. 

Surgectors respond rapidly and 
handle a lot of energy. They are ideal for protecting 
sensitive or expensive components from lightning 
strikes, load changes, switching transients, com- 
mutation spikes, electro-static discharge and line 
Crosses. 

How Surgectors work. 

Surgectors are monolithic structures integrating 
a zener diode and an SCR into one reliable, cost- 
effective device. 

At low voltages, the Surgector is “off,” repre- 
senting high forward impedance (only SOnA leak- 
age current). The instant clamping voltage Is 
exceeded, Surgector turns “on.” The zener starts 
to conduct immediately. Current flows from the 
zener region into the thyristor gate and within nano- 
seconds the SCR turns onto handle heavy Cur- 
rents. Destructive surges are shunted to ground. 
Once the voltage surge passes, the Surgector 
makes a fast transition back to the “off” state. 

Five Surgector choices. 

Our opening Surgector line-up is three 
2-terminal devices (30V, 60V and 230V), one bi- 
directional (230V) and one 3-terminal (100V). 

The 3-terminal Surgector gives you access to 
the SCR gate lead, allowing the device to be trig- 
gered with your voltage level detector. 


Price (1K) 


Type Rating 


SGT03U13 =-2-terminal 30V 
SGT06U13 = 2-terminal 60V 
SGT23U13—-2-terminal 230V 
SGT23B13 _ bi-directional 230V 
SGT10S10  3-terminal 100V 


Surgector vs. zener and MOV. 

Surgectors are as fast as zener diodes (<1ns 
response time) yet can handle ten times as 
much energy. At breakdown voltage, Surgectors 
are two orders of magnitude lower in impedance 
than zeners (0.1 ohm vs. 10 ohms). 

Compared with MOVs, Surgectors have a 
much better clamping ratio. An MOV with operat- 


ing voltage of 100V may . 

T , 
allow a 30 OV surge volinoe toroet urgector | 
before it offers any ee 
protection. A 100V a [votace 


Surgector turns “on” 
with only a 110V surge. 
Surgectors are ten 
times faster, dissipate 
much less powerand ma 
have longer lives than 
MOVs. V 

Surgectors are much faster than gas discharge 
tubes or carbon arrestors, but can carry less surge 
current. The tran-_ 
sient peak current 
capability of the 
Surgector is 300A 
for 1S xX 2us pulse 
and 75A fora 10us x 
1000us pulse. Like 
other surge protec- 
tors, Surgectors will 

= — eventually fail if 

pushed beyond specifications. But Surgectors 
normally fail shorted, rather than open. And even 
shorted Surgectors protect expensive components. 
Only beyond triple the rated surge current will the 
Surgector blow open. 

For more information on Surgectors, call your RCA 
sales office or distributor, or write: RCA Solid State, 
Box 2900, Somerville, NJ 08876. 
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Zener voltage 


Typical protection for 
expensive components. 
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Surgector 


Call: Hamburg, 49-4106-6130; London, 44-93-2785511; Paris, 33-3-946-5656; Hong Kong, 8-52-3-723-6339; Sao Paulo, 55-11-210-4033. 


70V000 Series . 70H000 Series 70000 Series 
VERY HIGH SPEED HIGH SPEED 


Expanded Gate Array options from OKI, 
supported by world-class CSIC capabilities. — 


product families and packaging. For more cost-effective, more flexible 
single-chip logic integration, OKI supplies more pre-designed Gate Array 
options—in the most advanced package types: plastic or ceramic through- 
hole DIPs or pin grid arrays; or plastic surface-mount PLCC or flatpack. 


services, plus world-leading production automation. OKI CSIC* design 
expertise is accessible at any development stage. And OKI’s CSIC 
manufacturing/testing facilities—among the world’s most highly 
automated—assure high quality, high volume fabrication. 


*Customer-Specific 


For RFQ or technical data, complete form below and return to: CSIC Marketing, Integrated Circuit 
OKI Semiconductor, 650 N. Mary Ave., Sunnyvale, CA 94086. (408) 720-1900. 


Request for Quote (returned with Oe aa. technical input on: 


complete technical data), please “4. Packaging preferred: ( ) CMOS Gate Arrays 


; : ane ; CMOS Standard Ce 
fill out these brief specifications. Coe CMOS sage mE 


F My application requires: 5. Anticipated volume: 

j 1. Gate count: a 

A e. Pin count: O Please call me for 
Hequestior See 3. CMOS process: immediate consultation. 

A ; ( ) 15micron 

F For prompt response to your ( ) smicron O Please rush complete 


( ) Flatpack 
Through-hole 
Pin Grid Array 
DIP 


(4) 
SEMICONDUCTOR Co 
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EDITORIAL __ 


The elasticity of software demand 


EDN September 18, 1986 


Software companies, including vendors of CAE/CAD packages, don’t know 
how to determine the true worth of their products. In the pursuit of small 
markets and (as a consequence) large profit margins, they have charged 
high prices for their products and have assumed that those high prices 
reflected the true cost of developing and distributing software. However, a 


‘software company can’t exist in a vacuum; in some basement somewhere a 


clever engineer is writing a program that is easier to use, faster, and 
cheaper than the currently available package. 

The truth is that CAE/CAD software packages are just as much subject 
to market forces as any other product. Engineers will judge for themselves 
how badly they need such tools, innovation will alter the cost of designing 
the software, and—as always—the value of the product will vary accord- 
ingly. For example, computer languages used to be expensive, until 
Borland International astounded the software industry by selling 
TurboPascal for $39.95. The history of turnkey word-processing machines 
offers a similar lesson. Not only were those systems expensive and 
restricted to one task, they didn’t even process words that well. You can 
now purchase a complete desktop publishing system for less than what you 
once might have spent for a simple word processor. 

CAE/CAD software vendors are discovering that their products fit the 
same pattern. You can’t sell a $70,000 turnkey package to a customer who 
can put the same functions on his personal computer for $7000. The result is 
a kind of good-news/bad-news situation: good for the user, bad (maybe) for 
the established vendor. 


If you use or would like to use CAE/CAD tools, the collapse in prices is _ 


good news. For most purchases, you won’t even need a capital-expense 
approval. Lower prices enhance the attractiveness of the tools: You'll be 
able to do your job better because you won't have to share access to 
design-automation systems or use outdated software. 

On the other hand, vendors of these packages fear that by the time prices 
stop dropping, no one will make any money. They see vendors of inexpen- 
sive software as cannibals who are destroying an existing market without 
creating a viable new market. 

CAE/CAD vendors who worry about the future underestimate the 
elasticity of software demand. Like the companies that sell computer 
languages and word-processing software, innovative CAE/CAD vendors 
will do just as well by selling inexpensive (but good quality) packages to a 
large audience as they would by selling costly software to a small group. 


OF Ck Gee man 


Eva Freeman 
Associate Editor 
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NEC INTRODUCES 


V40/V50: CMOS SYSTEMS 
ON A CHIP 


The V40 and V50 are the first 
microprocessors that give you high 
integration in cool, low-power CMOS. 
This powerful combination creates 
major system benefits. Including 
lower cost, a reduced component 
count, and higher reliability. 


Replace 15-20 Components 


Your most frequently used 
peripherals are on-board the V40 
and V50. Including 4-channel DMA 
controller, serial controller and 
DRAM refresh unit. By designing in 
the V40 or V50, you can design out 15 
to 20 chips. Result: major savings in 
design time, system cost, PC board 
space. And a substantial boost in 
reliability. 


83% Power Savings 


There are other high-integration 
microprocessors. But they’re 
implemented in hot, power-hungry 


NMOS. With the V40 or V50, you get 
increased functionality plus lower 


power consumption. These high- 
performance CMOS circuits run on 
a mere 15% of NMOS requirements. 
Their power-down mode gives you 
even greater savings. 


Compatibility 

The V40 and V50 increase 
system performance while preserving 
your current software assets. They 
run a superset of 8086 object code. 
With extra instructions for business/ 
scientific applications. And an 8080 
emulation mode. 7 


No Compromise 


The microprocessor is the heart 
of your system. It’s no place for 
compromise. So if you want high 
integration, why buy the heat and 
hassle of NMOS? If you want CMOS, 
why settle for separate peripherals? 
Design in the V40 and V50, and get 
the best of both worlds. High 
integration plus CMOS. Exclusively 
from NEC. 


Get The Facts 
Give us a call today at 1-800-632-3531. 
In California: 1-800-632-3532. 


Microprocessor Design Criteria and Choices 


8088/86 
NMOS MPU/ 
peripherals 


Reduce Component Cost 


Save PC Board Space 
Increase Functionality 


Reduce Power/Cooling 
Requirements 


Increase Reliability 


Shorten Design Cycle 


©Copyright 1985 by NEC Electronics Inc. 


80C88/80C86 
CMOS MPU/ 
peripherals 


80186 
NMOS high- 
integration 


V40/V50 
CMOS high- 
integration 


WE'RE TAKING ON THE FUTURE 


401 Ellis Street 
P.O. Box 7241 
Mountain View, CA 94039 
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Finally, full-function CAE for your 
standard IBM PC. 


For a long time, full-function CAE and a standard 
IBM PC couldn’t be mentioned together in the same 
breath. The Cadnetix PC System has changed all that. 

Finally, an experienced CAE vendor has outfitted an 
unmodified IBM PC/AIT™ or XT™ with the same excellent 
hierarchical schematic capture tools included on our 
high-end workstations. We’ve given you immediate access 
to real CAE component and semicustom libraries via 
Ethernet” And, we've made your PC a ‘‘window on the 
network; linking it to powerful Cadnetix engines for 
simulation, physical modeling and physical layout. All this 
without expensive alterations or add-on hardware. 
The Cadnetix PC System is a complete CAE resource 
that hasn’t been converted into a high-cost hybrid. 


The super-computer power of Cadnetix 
Engines, directly available to your PC's. 


With Cadnetix, your IBM PC becomes much 
more than a normal entry-level CAE workstation. For 
fast analysis of your largest designs, Cadnetix gives you 
direct access from your PC to our full line of CAE Engines. 


You'll develop designs on the PC, then compile and 
analyze them on high-performance engines tailored for 
accelerated compilation, simulation, physical modeling 
and database management. And Cadnetix has integrated all 
of these functions into a single network resource featur- 
ing both a RISC processor and a bit-slice processor to 
accelerate various applications tasks. 

Our Analysis Engine is a versatile processing node 
offering you the choice of configurations you need for 
your design analysis environment. With up to 280 Mb of 
disk, mass storage for database management is essen- 
tially unlimited. Options include: 

e —_ Bit-Slice Engine with Simulation: This bit-slice 
application-specific accelerator speeds through 
logic simulations at 200,000 evaluations per 
second — 200 times faster than typical work- 
stations. Worst-case analysis tools are standard. 
GP Engine: A general purpose engine providing 
accelerated compilation and SPICE. Based on 
a RISC architecture chip set, it has an effective 
operating rate of 10 million instructions per 
second. In addition, a compiler and debugger 
tool set allow you to accelerate ‘C’ programs 
which you develop. 

e — Physical Modeling Engine: This engine simulates 
54 EDN September 18, 1986 
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VLSI chips at vector rates of up to 16 MHz and 
accommodates devices with up to 364 inputs and 
384 outputs. Vector storage of 512K x 91 bits 
provides for longer simulations and simultaneous 
analysis of up to 30 devices. 

Powerful Cadnetix engines complement PC capabili- 
ties, achieving top efficiency in compute-intensive design 
tasks while supporting lowest-cost per engineer for 
routine access. 


Now your PC has the capability of an 
entire design network. 


The Cadnetix PC System is not just another PC 
software package. It is your window to complete, sup- 
ported solutions for electronic systems design. 

The NFS? protocol, a powerful networking stan- 
dard, provides immediate and transparent remote 
file access to our full range of design tools: PC’s for 
engineering design, high-performance workstations 


CABNETIN Conporatina 
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for advanced design tasks, high-capacity file servers 
for mass storage, engines for applications demanding 
peak power. 

Cadnetix protects your investment with the most 
comprehensive set of data access standards available. With 
UNIX™ and EDIE your data is always accessible. And with 
remote login capability, you can access any UNIX node 
on your network through the UNIX window on your PC. 

Cadnetix has established the standard for ease of 

use with its industry-leading object-oriented user inter- 
face. Cadnetix has brought this interface to the IBM PC, 
giving you the shortest possible learning curve and 
eliminating a significant hidden cost of other systems. 

Find out about the Cadnetix PC System. Discover 
the unlimited design potential of your PC. 


CADNETIX 
Solutions for system design. 


Cadnetix Corporation, 5757 Central Ave., 
Boulder, CO 80301 (303) 444-8075 


IBM PC/AT and IBM PC/XT are trademarks of IBM Corporation. Ethernet is a trademark of Xerox Corporation. 
NFS is a registered trademark of Sun Microsystems. Inc. UNIX is a trademark of AT&T Bell Laboratories, Inc. 
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BREAKTHROUGH! 
THE FIRST AND ONLY 80051 WITH 
THREE EXTRA I/O PORTS. 


: Publ 
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Pass the ports 


! Yes, I want to know more about the 83C451. Please 
Position 
0 SE Seip ee eivene OG Ws Mite oe Stand Sioa 0 URE esac ane ewe Tur eid 
State Zip 

Phone #___———————————— 
Send coupon to: Signetics 
811 E. Arques Ave., P.O. Box 3409, Sunnyvale, CA 94088-3409 
Attn ication Services, M/S 27 EDN91886 
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A new force in power semiconductors. 


3 pes 3 
Bega ses 


There's a new name in power semiconductors. 

POWEREX, Inc. 

I's A joining of forces that overnight has created a new leader in the power 
semiconductor industry. 

POWEREX is a joint venture corporation of Westinghouse, General Electric, and 
Mitsubishi Electric America. It combines their exoerience ... their people... their facilities . . . 
their traditions of quality and reliability. 

Ana, of course, their products ... a broad, growing line of power semiconductors, 
including rectifiers, thyristors, bipolar power transistors, triacs, isolated Dower modules, and 
assemblies. 

POWEREX brings a commitment to the industry to set new standards of excellence 
IN products and service. Look for new energy in product develooment and application sup- 
port. New products with higher switching speeds and improved efficiency, Faster responses 
fo your delivery requirements through better inventory utilization and manufacturing processes. 

POWEREX is a powerful synergy of people, technologies, and resources ...a new 
force in power semiconductors. 

For full information, write POWEREX, Inc., Hillis Street, Youngwood, PA 15697. Or call 
POWEREX headquarters at (412) 925-7272. 


Joint Venture Corporation of Westinghouse, General Electric, and Mitsubishi. 


CIRCLE NO 45 


TECHNOLOGY UPDATE 


Hybrid IC operational amplifiers 


achieve higher power, voltage, and speed 


Tarlton Fleming, 
Associate Editor 


High performance is the compelling 
reason for choosing an expensive 
hybrid IC amplifier over one of the 
many monolithic types. And the lev- 
els of power, voltage, and speed in 
the latest devices are, as you may 
expect, higher than their predeces- 
sors could manage. Most new parts 
emphasize improvement in one or 
another of these specs, but a few 
show some impressive combina- 
tions. 

Monolithic devices provide only so 
much speed, output voltage, or pow- 
er-handling capability. If your appli- 
cation calls for greater perfor- 
mance, you must either design your 
own amplifier from discrete pack- 
aged transistors or leave the engi- 
neering to someone else—a manu- 
facturer of hybrid or modular 
amplifiers, for example. 

Alternatively, you may go ahead 
and design a discrete amplifier and 
later decide that a hybrid will be 
more cost-effective to produce, or 
that your proprietary circuit design 
will be more secure when hidden 
from sight. Then you can turn to one 
of several hybrid companies for help 
in converting the discrete-amplifier 
design to a custom hybrid. Indeed, 
custom work is the major business 
for several manufacturers men- 
tioned in this article—Dymec, and 
MS Kennedy, for example. Tektron- 
ix’s operations in the hybrid-op-amp 
field concentrate exclusively on cus- 
tom work. 

You shouldn’t overlook the possi- 
bility that for some applications, a 
well-chosen discrete transistor or 
two may serve in place of a complete 
amplifier. Another alternative is the 
modular op amp. Modules once dom- 
inated the field of high-performance 
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Delivering 30A peak at +75V, Apex Microtechnology’s PA03 power op amp requires a special 


copper package rated at 500W. 


op amps, but a module can appear 
out of place today, mounted on a 
board and surrounded by small sur- 
face-mount components. (To make a 
module, you attach discrete compo- 
nents to a small pe board and then 
encapsulate the whole assembly 
with epoxy; the result is a relatively 
large “hockey puck” measuring 1 to 
2 in. ona side.) You can buy modular 
amplifiers from Analog Devices, 
Teledyne Philbrick, and others, but 
because of their large size, op-amp 
modules are generally considered an 
obsolete packaging technology for 
new designs. 

Consequently, most of the high- 
performance IC amplifiers found in 
recent designs feature multichip hy- 
brid construction. Separate transis- 
tor chips give hybrids their main 
advantage, of course. This approach 
lets the manufacturer choose the 
best available components for each 
stage of the amplifier and thereby 
combine semiconductor technolo- 
gies that would be incompatible 
within a monolithic IC. The incor- 


poration of too many chips and 
interconnections, though, can un- 


dermine this advantage by degrad- 


ing the amplifier’s reliability. 

Among the simplest hybrid ampli- 
fiers are those that combine an ex- 
isting monolithic op amp with dis- 
crete output transistors. The PAI] 
and PA12 from Apex Microtechnol- 
ogy are of this type, offering peak 
outputs of 5A at 22V and 15A at 
44V, respectively. These amplifiers 
also include discrete resistor and 
capacitor chips, and transistor chips 
for current limiting and for biasing 
the output-transistor bases. 


Monolithics lower chip count 


Burr-Brown has reduced the chip 
count in its Apex-compatible de- 
signs from 10 to six, by consolidat- 
ing the discrete resistors and tran- 
sistors (except the output devices) 
in one laser-trimmed, custom mono- 
lithic chip. According to the compa- 
ny, the resulting products—the 
OPA511AM and the OPA512BM— 
show an improved output swing (see 
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The game is over. | 
OMNI. The only universal programmer. 


A totally new concept in PROM 
Programming. OAE has drawn upon 12 
years of research and manufacturing 
experience to develop the ultimate in 
software configured programmers. By 
combining up to 64 programmable pin 
drivers with a new database of over 
1400 parts, the software configured 
OMNI can program hundreds of 
EPROMs, EEPROMs, EAROMs, 
bipolar and CMOS PROMs, PLDs, 


microprocessors and ASICs 
(Application Specific ICs). /n fact, the 
OMNI's unique pin drivers can program 
and test all known programmable 
semiconductors, from bipolar diode 
arrays to ECL PLDs. in addition, an 
optional parametric editor can be used 
to screen every device programmed to 
your company’s own specifications. 


100% Software Configured. 


Unlimited Free Library Updates 
available for 2 years. 

Plug compatible with over 350 
different computers and operating 
systems. ) 

Over 20,000 devices may be added to 
the OMNI’s new nonvolatile library. 
Fast high voltage, high current pin 
drivers can supply +1.5A continuous, 
and +4.5A to +10A peak at each pin. 


nanosecond timing resolution to 
program everything from CMOS to 
high power bipolar and ECL devices. 


The OMNI 64 supports ALL package 
types, including SOs, LCCs, PLCCs, 
PGAs, DIPs, etc. 


Full one year parts and labor and two 
year software warranty period. 


The OMNI is small, portable, and easy 
to use. 


OMNI Series starts at just $2995.00 


NOW THAT THE HARDWARE GAME 
IS OVER... ITS YOUR MOVE! 


Call 1-800-828-0080 (1-800-423-8874 
in CA) for a free demonstration today. 


Oliver Advanced Engineering, Inc. 


100% laser trimmed references — 
no calibration is ever required. 


Over 4,000 steps of voltage and 
current resolution plus sub- 
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320 West Arden Street 
Glendale, CA 91203 
(818) 240-0080 

TWX (510) 600-8099 
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Table 1 on pg 68). Burr-Brown also 
believes that its OPA512SM version, 
which operates over the military 
temperature range, is the most 
powerful op amp available in a TO-3 
package. 

Although some applications de- 
mand all the speed, voltage swing, 
and output current (ie, power) that 
the best available amplifier can de- 
liver, most require only one of these 
attributes at a time. As a result, 
manufacturers design most hybrid- 
amplifier products to emphasize one 
of these three recognized virtues. 
Among the few companies that offer 
products in all three categories are 
Burr-Brown, MS Kennedy, and 
Teledyne Philbrick. 
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Based on a feedforward cir- 
cuit topology, the Model 610 
inverting amplifier from 
MS Kennedy achieves 150V 
output swings and 4500V/ 
usec slew rates. 


Providing 200 mA at +10V 
and a 13-MHz full-power 
bandwidth, Burr-Brown’s 
OPA600 op amp is available 
with a class B screen per 
MIL-STD-883. 


Notable in the high-output-cur- 
rent category is National Semicon- 
ductor’s large LH00 family of hybrid 
amplifiers. This family includes sev- 
eral industry-standard devices, 
such as the LH0032 FET op amp 
and the LH0033/LH0063 (dubbed 
by the manufacturer “fast” and 
“damn-fast”) buffer amplifiers. 
Elantec is an alternate source for 
several of these products, including 
the LH0021 power op amp, which 
guarantees an output of 1A at +11V 
(Elantec calls its part the 
ELH0021). Also from Elantec is the 
FET-input ELH0101, which can 
supply 5A peak or 2A continuous 
output current at +10.5V. Another 
company, GE Intersil, offers the 


ICH85XX Series of hybrid power op 
amps. Each series member com- 
bines a 741 op amp with the appro- 
priate output transistors to provide 


output currents ranging from 1A to 
2.7A. 


Heat causes shutdown 


Recent introductions by Apex in- 
clude the PA03 and PA61 power op 
amps. The PA61 is a class C amplifi- 
er that delivers a 10A-peak current 
at 45V to drive motors, valves, and 
actuators. The PA03 can operate 
from supply voltages as high as 
+75V and swing its output within 
TV of these rails, while providing 
830A peak output currents. A custom 
copper package rated at 500W han- 
dles the resulting internal power 
dissipation. For further protection, 
temperature-sensing circuits moni- 
tor the substrate and the output- 
transistor junctions, and they auto- 
matically reduce output current as 
the amplifier approaches its limit of 
safe operation. 

The Model 1085 power amplifier 
from MS Kennedy Corp is the com- 
pany’s most recent product intro- 
duction. This part features a 2A, 
+20V output, a 500V/psec slew 
rate, and a 160-kHz full-power 
bandwidth. Like the Apex PA03, 
this amplifier uses a custom copper 
package to help dissipate the inter- 
nally generated heat. 

Teledyne Philbrick offers several 
power amplifiers that use power- 
MOS devices in the output stage. 
Compared with bipolar power tran- 
sistors, power-MOS transistors 
(VMOS, DMOS, TMOS, etc) offer 
greater power capacity, lower drive 
current, and faster response. Fur- 
thermore, unlike a bipolar-junction 
transistor, an MOS device doesn’t 
exhibit thermal-runaway or secon- 
dary-breakdown effects. The com- 
pany’s Model 1463, for example, in- 
cludes FET-input and DMOS- 
output stages. When it drives a 
10-kO load, the amplifier is stable at 
unity gain and specs a 165V/psec 
slew rate. The device supplies 1A 
continuous at +380V. Other manu- 
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A slew rate of 6500V/ysec and a settling time of 18 nsec (to +0.02%) are the distinctive 


features of Comlinear’s CLC221 wideband op amp, which employs current-mode feedback. 
SS RF AM i a a ia teat atc) eieadrat S ack > 8 Sil ah balan LE. a Nolo aialy Aa 


facturers are considering such de- 
signs but have not yet introduced 
products. 


Lots of 150V-output models 


Teledyne Philbrick also furnishes 
a FET-input op amp in the high- 
voltage category. Model 1480’s out- 
put can swing +140V when operat- 
ing from +150V supplies. It can 
drive electrostatic deflection plates 
in CRTs or provide a high-voltage 
output for D/A converters. D/A- 
converter applications also benefit 
from the amplifier’s 1.5-wsec max 
settling time (to +0.01% for a 100V 
step), a 100V/usec slew rate, and 
120-dB open-loop gain. 

High-voltage amplifiers from 
Burr-Brown include the similar 
Models 3582 and 3583, which have 
the same pinout as Teledyne Phil- 
brick’s Model 1480. Burr-Brown’s 
Model 3584 offers similar perfor- 
mance but a higher slew rate (150V/ 
wsec). The Apex PA08 and PA83 
amplifiers are not unlike the Burr- 
Brown 3582 and 3583; all these parts 
provide FET inputs, operate from 
+150V power supplies, and incorpo- 
rate automatic thermal-shutdown 
circuitry. Apex’s PA84A, though, 
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specs 200V/ysec slew rate and 250- 
kHz full-power bandwidth. 

Amplifiers from MS Kennedy 
Corp’s 600 Series combine high volt- 
age with fast speed: Available ver- 
sions can achieve a 150V p-p output 
swing, slew rates can be as high as 
5000V/usec, and full-power band- 
widths can reach 9 MHz (though no 
single device can combine these ex- 
tremes). Because these amplifiers 
use a feedforward circuit topology, 
they are suitable for inverting appli- 
cations only. 

Unusual considerations attend 
the application of these and other 
wideband, fast-slewing amplifiers. 
First, you must follow the usual 
caveats for construction of high-fre- 
quency circuits—short lead lengths, 
use of a ground plane, and attention 
to the recommended measures for 
power-supply decoupling. Then you 
must ensure that a low source im- 
pedance (Rs) drives the amplifier, 
because Rg and the amplifier’s input 
capacitance (Cy; typically 3 to 4 pF) 
limit the signal’s —3-dB bandwidth 
according to the relation f=1/ 
(27 RsCyy). 

Next, note that too much stray 
load capacitance will cause the am- 


pean 
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This wideband FET-input op amp, the 
LH4004 from National Semiconductor, is 
optimized for unity-gain applications; it can 
drive a 50Q load at 100 MHz. 


plifier to saturate, because at 
4500V/ysec, for example, each pico- 
farad of load capacitance draws 4.5 
mA of output current. To illustrate, 
MS Kennedy’s Model 610 specs a 
30-mA min output current. After 
supplying current to its load and 
feedback network, the amplifier 
may not tolerate much load capaci- 
tance. You can, however, increase 
the amplifier’s output-current mar- 
gin by reducing shunt capacitance 
around the feedback resistor. Be- 
cause ’4W resistors offer less shunt 
capacitance than % or 1W types, 
you should replace the large resistor 
with several smaller ones in series. 

Ten of the companies mentioned 
here manufacture high-speed (wide- 
band) amplifiers and buffers. De- 
mand for these products is increas- 
ing thanks to the growing use of 
high-resolution video displays in 
CAE/CAM and military systems, to 
the need for pin drivers in high- 
speed automatic test equipment, 
and to many other applications— 
radar, sonar, industrial data acqui- 
sition, etc. In video systems, high- 
voltage hybrid amplifiers drive the 
CRT’s deflection yoke or its electro- 
static deflection plates, and hybrid 
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Sprague Type 592C Monolythic® Multilayer Ceramic Capacitors have much to offer 
in three areas of major concern to buyers: (1) Suitability, (2) Availability, and 
(3) Affordability. These conformally- 
coated capacitors are excellent 
replacements for the more expensive 
molded designs. They’re widely-used for bypass and decoupling 
applications in computers. Stocked for off-the-shelf shipment in 
both large and small quantities from Sprague distributors. Popular ratings are available in five formulations including 
Z5U, Y5U, X5R, X7R, and COG. Supplied in EIA Standard RS-296 tape-and-reel packaging. They’re competitively priced. 
Sprague Electric Company, a Penn Central unit, Worldwide Hdatrs., Lexington, MA. Write for 27. 
Engineering Bulletin 6248A to Technical Literature Service, Sprague Electric Company, we Wy SPRAGUE 
41 Hampden Road, Mansfield, MA 02048-1807. 2" THE MARK OF RELIABILITY 
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video amplifiers supply the CRT 
cathode with a 20 to 50V video sig- 
nal. Low-level hybrid amplifiers 
drive digital and analog video data 
through terminated coaxial cables. 

The amplifiers from Comlinear 
Corp are recognized for their high- 
speed operation and ease of applica- 
tion. Contrary to conventional op 
amps, these amplifiers use current 
feedback rather than voltage feed- 
back; consequently, the Comlinear 
amplifiers’ bandwidths and settling 
times remain unaffected by changes 
in their closed-loop gain, for a given 
value of the feedback resistor. This 
attribute allows the company to sup- 
ply a factory-compensated amplifier 
with the feedback resistor included; 
the user simply connects an exter- 
nal gain-setting resistor. 

Among the recent Comlinear 
products is a 100-mA, 165-MHz buf- 
fer, the CLC231A, optimized for 
closed-loop gains from +1 to +5. 
Also, Comlinear offers a 38-member 


To reduce size and pin count, Optical Elec- 
tronics Inc has converted its 24-pin 9914A 
wideband op amp module to a 14-pin 
hybrid. 


family of wideband op amps. The 
general-purpose CLC201 specs a 
95-MHz bandwidth at a gain of 20, a 
4000V/ysec slew rate, a 0.5-mV off- 
set voltage, and a 5-yV/°C offset- 
voltage drift. The fastest of the 
three, the CLC221, furnishes a 170- 
MHz bandwidth at a gain of 20, a 
6500V/ysec slew rate, and an 18- 
nsec settling time to 0.02%. The 
high-current CLC203 specs a 170- 


MHz bandwidth, a 6000V/sec slew 
rate, a 15-nsec settling time to 
0.2%, and a 200-mA peak output 
current. 

Analog Devices’ Computer Labs 
Div is dedicated to the production of 
high-speed ICs. CLD is adding the 
HOS-200 buffer amplifier to its ex- 
tensive line of video and high-speed 
D/A and A/D converters. The HOS- 
200 is notable for its 200-MHz full- 
power bandwidth and +5V-supply 
operation. The part is suitable for 
use with current-output video D/A 
converters, as a line or coaxial-cable 
driver, and for boosting an op amp’s 
output current. Also, scheduled for 
introduction this month is the com- 
pany’s AD9610 transimpedance op 
amp. Like Comlinear’s products, 
this internally compensated device’s 
bandwidth, slew rate, and settling 
time are relatively unaffected by 
changes in the closed-loop gain set- 
ting. Specs include a 100-MHz band- 
width (—3 dB) at a gain of —1. 


Introducing STD Multi-DOS." 
Now you can get the real-time response 
of VRTX® plus the support services of 


PC-DOS™ Together in a co-resident opera- 
ting system: STD Multi-DOS™ from Ziatech. 


For applications such as industrial 
automation, instrument control, data 
acquisition and robotics, STD Multi-DOS 
now Offers a synergistic alternative. 


ZIATECH CONTROL: 


With VRTX you have real-time control 
of physical processes. And with PC-DOS, 
a gateway to file management functions 


and the key to the world of PC™ software. 


Which means now-from a real-time 
world—you can access devices such 

as disks, printers, and even network 
links, without re-inventing the program- 
ming wheel. 


Speaks VRTX like a native! 
VRI'X-—the Versatile Real-Time Executive 
—responds instantly with up to 256 differ- 


ent tasks, as though they were happening 


simultaneously. And because PC-DOS 
is used only as a background resource, 
it doesn't impose any additional over- 
head on VRTX. So the real-time kernel 
operates just as efficiently as it would 
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National Semiconductor should 
also be introducing a wideband am- 
plifier this month. The LH4004’s 
—8-dB bandwidth (140 MHz) is in- 
dependent of closed-loop gain, al- 
though the device is optimized and 
internally compensated for unity- 
gain applications. The LH4004 is a 
FET-input op amp. You can close its 
feedback loop and achieve 0.975V/V 
gain accuracy with a 500 load, or 
open the loop and use it in peak 
detectors and sample/hold amplifi- 
ers. The device provides a power 
bandwidth greater than 100 MHz 
when operating with a 500 load. For 
video applications, it specs maxi- 
mum differential-gain and differen- 


tial-phase errors of 0.1% and 0.2°, 


respectively. 

The LH4004 and its four other 
family members feature internally 
compensated unity-gain stability, 
internal bypass capacitors, a 
100-mA output current, and small 
errors in differential phase and 


Twelve FET-input op amps constitute the 
3520 Series from Dymec. Top performance 
levels include an 80-MHz unity-gain band- 
width and a 50-mA output at +10V. 


gain. The LH4002 video buffer and 
the LH4101 FET-input op amp are 
available now. The latter specs 
45-MHz unity-gain bandwidth. Two 
more devices are scheduled for in- 
troduction this month: the LH4003 
buffer, which specs 250-MHz unity- 
gain bandwidth and operates from 
+5V typ, and the LH4104 FET- 
input op amp, which features 
18-MHz unity-gain bandwidth and 


settles in 800 nsec to within 
+0.01%. 

Elantec’s fastest product is the 
EL2004 FET-input buffer, which is 
pin compatible with the company’s 
ELH0083 and National’s LH0033. 
The EL2004 offers 350-MHz band- 
width, 2500V/ysec slew rate, and 
+200-mA output current, and it op- 
erates from +5 to +15V supplies. 
Also pin compatible with the 
LH0033 is the EL2005 high-accura- 
cy buffer, whose cascode input 
stage maintains a constant 0.5-nA 
max bias current and 3-pF input 
capacitance over the +10V input 
range. These attributes, plus 140- 
MHz bandwidth and 1500V/ysec 
slew rate, suit the EL2005 for use in 
sample/hold amplifiers and cable 
drivers. Another product, the 
EL2006 FET-input op amp, offers 
enhanced CMRR and PSRR (70 dB 
min) and higher open-loop gain (80 
dB min) than the pin-compatible, 
industry-standard LH00382. 


I 


for more information and your nearest 
Ziatech representative. 
CIRCLE NO 300 


sophisticated STD bus applications that 
much faster. Or, you can access thou- 
sands of existing PC software packages 
from your own real-time environment. ee 

Call or write Ziatech today. oi 
Get all the facts fast so you no longer 
have to make a choice between real-time 
and the PC-DOS worlds. You can have 
the best of both! Call (805) 541-0488 


in native mode, interleaving tasks accord- 
ing to user-assigned priorities. 
Familiarity breeds applications. 
If you're an OEM or systems integrator 
who's already familiar with PC-DOS 
you'll feel right at home with STD Multi- 
DOS. And with our complete develop- 
ment tools and the real-time debugging 
help of TRACER™ you'll be able to create 


-DOS GOES REAL TIME 


CORPORATION 


3433 Roberto Court,San Luis Obispo,CA 93401 
Telex: 4992316 


VRTX® and TRACER are a registered trademark and trademark of Hunter and 
Ready, Inc., respectively. Multi-DOS™ is a trademark of Ziatech Corporation 
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From the broad array of wide- 
band hybrid op amps, you can 
choose models with FET or bipolar 
inputs. Optical Electronics Inc, for 
example, recently converted its 
9914A bipolar-input op-amp module 
to a hybrid. The resulting AH9914A 


offers 15-MHz full-power band- 
width, 1000V/sec slew rate, and a 
50-mA output at +10V. Also, the 
company has introduced a FET-in- 
put op amp, the AH0014, that fur- 
nishes low noise (3-nV/VHz typ) 
and 3.5-MHz full-power bandwidth. 
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A second source for the Model 1435 from Teledyne Philbrick, GE Datel supplies the AM-1435 
wideband amplifier, which furnishes a 100-MHz bandwidth, a 115-dB gain, and 1 uV/°C of 
offset-voltage drift. 
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For more information .. . 


For more information on the hybrid op amps described in this article, 
contact the following manufacturers directly or circle the appropriate num- 
bers on the Information Retrieval Service card. 


COMMON 


Analog Devices Inc Elantec Inc Optical Electronics Inc 
Computer Labs Div _ 1996 Tarob Ct Box 11140 
7910 Triad Center Dr Milpitas, CA 95035 Tucson, AZ 85734 
_ Greensboro, NC 27409 (408) 945-1323 (602) 624-8358 
(919) 668-9511 Circle No 681 Circle No 686 
Circle No 676 . 
: - GE Datel Tektronix Inc 


Box 500 

Beaverton, OR 97077 
(503) 627-7111 | 
Circle No 687 


Apex Microtechnology Corp 
5980 N Shannon Rd 

Tueson, AZ 85741 
(602)742-8600 

Circle No 677 


11 Cabot Blvd 
Mansfield, MA 02048 
(617) 339-9341 
Circle No 682 


Teledyne Philbrick 


Burr-Brown Corp GE Intersil Allied Dr at Rte 128 
Box 11400 10600 Ridgeview Ct Dedham, MA 02026 
Tueson, AZ 85734 Cupertino, CA 95014 (617) 329-1600 

(602) 746-1111 (408) 996-5000 Circle No 688 
Circle No 678 Circle No 683 

Comlinear Corp MS Kennedy Corp 


8170 Thompson Rd 
Clay, NY 18041 
(315) 699-9201 
Circle No 684 


4800 Wheaton Dr 

Fort Collins, CO 80525 
(303) 226-0500 

Circle No 679 


National Semiconductor Corp 
2900 Semiconductor Dr 

Santa Clara, CA 95051 

(408) 737-5000 

Circle No 685 


Dymec 

8 Lowell Ave 
Winchester, MA 01890 
— lO 
Circle No 680 
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For voltage-follower buffer applica- 
tions, the AH001-D can supply 
+100 mA to a 1000 load at frequen- 
cies above 24 MHz. 

Dymec’s 3520 Series includes 12 
FET-input op amps whose specs 
vary according to your selection 
(Table 1 shows standard values). 
Top specs for key parameters in- 
clude 80-MHz bandwidth at unity 
gain, 350V/usec slew rate, a 50-mA 
output at +10V, and 250-nsec set- 
tling time at +0.01%. Burr-Brown’s 
OPA600 Series wideband op amps 
also feature FET inputs. Top specs 
for members of this series are a 
+200-mA output at +10V, 13-MHz 
min full-power bandwidth, and 115- 
nsec settling time to +0.01%. An- 
other FET-input device is’ the 
Model 1464 transconductance ampli- 
fier from Teledyne Philbrick, suited 
for driving power-MOSFET output 
stages. Operating from +10 to 
+50V supplies, the 1464 specs 
30-MQ) typ output impedance and 
0000-uS typ transconductance, 
which allows the user to construct 
power op amps having open-loop 
gains greater than 100 dB. 

New bipolar-input hybrid amplifi- 
ers include Teledyne Philbrick’s 
Model 1467. This differential-input 
device can perform precision ampli- 
fication of frequency components to 
100 MHz. It has 115-dB open-loop 
gain, plus a noteworthy 30-yV typ 
input offset and 1-~V/°C input-off- 
set drift. 

GE Datel now offers the AM- 
1435, a second-source product for 
Teledyne Philbrick’s Model 1435 op 
amp. Key specs are 100-dB open- 
loop gain and 70-nsec settling time 
to +0.01%. Datel’s AM-500 invert- 
ing op amp employs feedforward 
compensation to achieve a 100-MHz 
gain-bandwidth product and a 
16-MHz full-power bandwidth. The 
device specs 1000V/ysec slew rate 
and settles to within +0.01% in 200 
nsec. EDN 


Article Interest Quotient 
(Circle One) 
High 500 Medium 501 Low 502 
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IRIDGE 
d Relays 

Because true 

economy is in 
long-term 


performance! 


If you’ve ever doubted the economy of quality, 
consider the cost of warranty repairs on 
expensive equipment returned due to relay 
failures. Triridge has made the investment 
necessary to provide you the finest reed relays 
available, so you Can count on years, even 
decades, of reliable performance. 


C1) High-voltage hold-off: to prevent current 
leakage and faulty operation. 

(1) Bobbin-less construction: to enhance 
performance and reduce package size by 
up to 40% (ideal for use in hybrid circuits 
integrating SMT components). 

1) 100% incoming testing: all contacts cycled 
for 100,000 operations, then 100% tested 
for sensitivity, C/R. 

(1) 100% in-process testing: electrical and 
mechanical 

(1) 100% final testing: for sensitivity, contact 
resistance and voltage hold-off. 

(1 Design assistance: our engineers are at 
your disposal. 

1) Reliable delivery: stocked products to you 
within 24 hours, non-stock items to you on 
firm, dependable schedules. 

C) Proven long-term performance: in all 
applications from aerospace, to industrial 
controls, to telecommunications. 


l FREE Designer's Kit! 


A The designer’s handbook of reed relay 

a applications, an R/C Arc Suppressant 
Nomograph, and the complete Triridge reed 

: relay product catalog: To get it all, call or 
write us, or circle the reader service number. 


ZSTRIRIDGE! 


TRIRIDGE CORP. 


E 
P.O. Box 2130 Ss 
Leesburg, FL 32749-2130 rl 

4 


(904) 728-0799 
EZ LINK: 62948541 


Toll Free: (800) 537-3529 
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“Having a reliable 
source of ceramic PWBs 
has be 
with 
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Boeing Electronics Company 
Reliability By Design 


P.O. Box 24969, M/S 9-42, Seattle, WA 98124-6269, (206) 657-7474. 


ing a hybrid micro- 
circuit, we got a 20-to-1 
size reduction and an 
rovement in relia- 


IIT 
bility, too’ 


Boeing Electronics Company 
Reliability By Design 


P.O. Box 24969, M/S 9-42, Seattle, WA 98124-6269, (206) 657-7474. 
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NOTES: 
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See Triplett Technology in a Different Light. 
Versatile Panel Instrumentation 


Triplett announces a revolution in high-tech panel Colorful, back-lit displays are available in red, green, 
instrumentation: innovative, readable LCD bar graphs. amber or blue. You may also choose any combination of 
These exciting panel meters further establish Triplett as the these colors. Black on gray 1s standard. 


worldwide leader in the design and manufacture of panel 


insruments and test equipment. daptable. Panel meters are available in the ‘'G’’ Series 


curved display; the ‘“WS’’ Series curved display and in the 
Versatile. Computer-compatible panel meters come in 16 Edgewise Series, vertical or horizontal with a front or rear 
models and 13 modes. The 103-segment bar graphs are mount. 

specifically designed as replacements for the popular 3.5 
and 4.5 inch analog instruments, as well as for new 
installations. 


When you are looking for the finest in high-tech panel 
instrumentation, look to Triplett, the Company America 
has trusted for more than 80 years. 

Advanced. Triplett’s technology offers you panel ; | 
aeaceet that ee es, high su point, low set For more information, call 1-800-TRI-PLET ext. 40. 
point, both set points, peak, valley, both peak and valley 
and alternate between data and the six modes of display. 


The bar graphs are highly visible from a distance of 20 feet. 


Circle No. 161 for Literature Circle No. 83 for FREE demonstration 
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Designing Is a Breeze 
with Lundy’s New UltraGraf? Il 


No matter what business you're in, 
sluggish productivity could blow you— 
and your profits—away. But now, thanks 
to Lundy’s new UltraGraf® II, there’s an 
economical way to fight back. UltraGraf® 
Il is an intelligent 3-D graphics worksta- 
tion with features and functions that help 
you breeze through intricate designs. 


Exceptional Quality and Performance 


What sets UltraGraf® II apart from 
other workstations in its price range is its 
exceptional quality and performance. 
That’s because Lundy engineers have 
developed extremely efficient vector and 
hardware processors that permit fast, 
high resolution design. And unlike many 
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other workstations, UltraGraf® II is highly 
intelligent. So functions such as 3-D 
translation, rotation, and scaling are per- 
formed locally, increasing design speed 
even further while freeing your host. The 
result is fast, high quality design that 
helps keep rigid development schedules 
firmly on course. 

A wide variety of options and ac- 
cessories are available to help make 
graphics design as convenient as possi- 
ble. And as with all Lundy products, 
UltraGraf® Il is backed by our customer 
service and support network, one of the 
largest in the industry. 

This combination of speed, intel- 
ligence, responsiveness, economy, Op- 
tions, accessories, service and support 

CIRCLE NO 53 


make UltraGraf® II the ideal choice for 
mechanical design and drafting, archi- 
tectural engineering, finite element anal- 
ysis, robotics, and other applications that 
require high resolution display. 

So don’t let sluggish design productiv- 
ity take the wind out of your sails. Fight 
back with UltraGraf® II. 

Contact: Graphics Marketing, 

Lundy Electronics & Systems, Inc. 
1 Robert Lane, Glen Head, N.Y. 11545 
(516) 671-9000. 
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efficient instruction set and 
brute performance. 


Such as high speed controllers, 
emulators, accelerators, and the like. 

Here’s why a designer using bit-slice 
can attain performance beyond mono- 
lithic microprocessors: 


Performance = execution speed X 
instruction efficiency. 


Execution speed: A bit-slice CPU 
executes instructions faster than a 
microprocessor. 

Instruction efficiency: Since bit-slice 
executes a microcoded instruction set, 
you can create your own application spe- 
cific solutions. So your system executes in 
hardware where a microprocessor must 
wade through a software subroutine. 

That’s how to go where no micro- 
processor will take you. 


Here's how to go where no other 
bit-slice will take you: 

Forget old bit-slice power and size lim- 
itations: In the past (last year!) bit-slice 
speed came with real estate and power 
penalties. 

A 16-bit-slice system needed four giant, 
power hungry 4-bit-slice chips, plus logic 
consuming more than one Amp. 

No more. 16-bit-slice on one 64-pin 
chip. In power-sipping (85mA) CMOS. 

You now have the hardware to rethink 

the high performance subsystem designs 
you need to turbo past your competitors. 

That is why we're here. We have an 
entire family of high speed, low power 
parts designed to help you build faster, 
cooler, smaller systems. 


CMOS High Speed Logic Family 
In addition to the world’s fastest 

16-bit- slice and our 4-bit-slice 

microprocessors, 


Some applications require an 


we offer the world’s fastest 12-bit control- 
lers, the fastest 16 < 16 multipliers, and 
more high-speed CMOS circuits. Also, the 
fastest available 4-bit and 5-bit cascadeable 
FIFOs (25MHz performance). 


CMOS High Speed SRAM Family 


Featuring the fastest (15ns) 4K static 
TTL-compatible RAMs you can buy. Plus 
a variety of 15ns, 25ns, 35ns, and 45ns 
parts, too. Nibble-wide, bit-wide, byte-wide, 
ranging from 64-bits through 64k-bits. 
Low active power. Low standby power — 
many parts include auto-power-down 
when deselected. A superset of functions, 
including separate I/O, provides a design 
edge for improving overall system 
performance. 


CMOS High Speed PROM Family 


Surpassing bipolar with the /astest 
registered PROMs at 2 bipolar power, or 
less. Parts feature speeds to 25ns set-up, 
12ns clock-to-output; all with low CMOS 
power. Byte-wide family available in 4K, 
8K, 16K, 64K densities. Also, 8K, 16K, 64K 
non-registered available. EPROM memory 
technology permits 100% testing of data 
bits before packaging to provide optimum 
programming yields, plus windowed parts 
for the convenience of reprogramming. 


CMOS High Speed PLD Family 


Featuring 25ns HALF-power 90mA 
windowed 22V10 EPLD —the new high- 
speed re-programmable PLD standard. The 
family also includes quarter-power 45mA 
PAL® 20 parts, and 55mA PLD 24 parts, 
both available at 25ns speeds and in win- 
dows. All cells 100% functionally 
tested. All parts with up 
to 50% power savings 
over bipolar. 
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Boards that meet EGA spec bring flexible 
graphics capability to IBM PC workstations 


Margery S Conner, 
Regional Editor 


Since its inception in late 1984, 
IBM’s Enhanced Graphics Adapter 
(EGA) has emerged as the de facto 
graphics-board standard for gener- 
al-purpose IBM PC- and PC/AT- 
based engineering workstations. 
Within the last year, HEGA-like 
boards from at least 25 manufactur- 
ers have appeared. 

These boards compete with IBM’s 
EGA board for the PC slot that was 
once the domain of the IBM Mono- 
chrome Display Adapter (MDA), 
the IBM Color Graphics Adapter 
(CGA), the monochrome Hercules 
Graphics Card from Hercules Com- 
puter Technology (Berkeley, CA), 
or—for PCs and _ high-resolution 
monitors dedicated to CAE/CAD 
applications—a nonstandard graph- 
ics card such as those discussed in 
Ref 1. 

The EGA represents a compro- 
mise between the CGA and Hercu- 
les standards (Table 1), combining 
color capability with resolution 
that’s sufficient for many CAE/CAD 
applications that the CGA can’t han- 
dle. Moreover, although the EGA 
doesn’t provide the performance of 
some high-resolution boards and 
monitors, it does allow you to run 
not only CAE/CAD programs but 
other software, such as word pro- 
cessors and spreadsheets, as well. 

Paradoxically, the EGA owes its 
success as a standard to the limita- 
tions of IBM’s implementation of it. 
The IBM version is expensive: A 
version with only 64k bytes of RAM 
for storing graphics data costs $524; 
a 256k-byte version, which includes 
a daughter board to hold the addi- 
tional RAM, costs $982. Moreover, 
even though it requires a full card 
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An optional Piggyback EGA board combines with Everex’s Enhanced Evergraphics Hercu- 
les-compatible monochrome adapter board to form a $599 set that can support color graphics 
on an enhanced monitor while simultaneously displaying independent monochrome text on a 
monochrome monitor. 
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Combining an 8-MHz 80286 PC accelerator with EGA capability, the TurboEGA from 
Orchid also boasts an 8k-byte disk cache to speed sluggish PC workstations. 
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slot, the IBM EGA doesn’t offer 
multiple functions. Finally, it lacks 
support for some existing software 
that the CGA does support. 

These shortcomings have 
spawned the host of EGA imitators 
listed in Table 2, each of which 


TABLE 1—COMPARISON OF GRAPHICS STANDARDS 
FOR THE IBM PC 


CHARACTER 
MATRIX 
(DOTS) 


RESOLUTION 
(DOTS) 


STANDARD COLORS 


EGA 640 x 350 16 FROM A PALETTE OF 64 offers relief in at least one of these 
CGA 320 x 200 4 FROM A PALETTE OF 16 

CoA ae > FROM A PALETTE OF 16 areas. For example, all but a few of 
MDA 720 x 350 MONOCHROME the boards come standard with 256k 


HERCULES 720 x 348 MONOCHROME 


bytes of graphics RAM. In addition, 
you'll find such products as _half- 
length boards and ones that cost 
less than $800. Many of the boards 
listed include functions like general- 


NOTES: 
'MEDIUM-RESOLUTION MODE 
2HIGH-RESOLUTION MODE 


TABLE 2—EGA-COMPATIBLE BOARDS FOR THE IBM PC 


MANUFACTURER | | HERCULES CHIP BOARD 
ANDMODEL _ | EMULATION SET' SIZE PRICE AND COMMENTS? 
ADVANCED COMPUTER 
SOLUTIONS 
FULL $495 
_ AMERICAN MICRONICS © 
_ AMI-EGA | FULL $495, INCLUDES PARALLEL PORT 


ACS EGA 
AMERICAN MITAC 
MEGA FULL $299, INCLUDES PARALLEL PORT 


_ASTRESEARCH CT 
AST32G | OPTIONAL | $425 WITH 64k-BYTE GRAPHICS RAM, $75 FOR 256k-BYTE GRAPHICS 
| RAM OPTION, $75 FOR HERCULES OPTION, $25 FOR PARALLEL- 
| | PORT OPTION 
ATRONICS 
MEGAGRAPH-PLUS eg | $549 
COMPUTER PERIPHERALS . 
GRAPHMASTER ~ ae $545 | : _ 
EVEREX 
ENHANCER Cat FULL __| $399, INCLUDES PARALLEL PORT 
PIGGYBACK EGA/ Cat FULL | $599, INCLUDES PARALLEL PORT: SUPPORTS COLOR AND MONO- 
ENHANCED CHROME MONITORS SIMULTANEOUSLY 
EVERGRAPHICS 
GENOA SYSTEMS _ . 
_ SPECTRA-EGA | C&T | $495, INCLUDES PARALLEL PORT 
_SUPER-EGA : $475; $525 WITH OPTIONAL PARALLEL PORT 
_ SUPER: EGA+ _ FULL _| $625, INCLUDES SERIAL AND PARALLEL PORTS AND clock) 


CALENDAR CIRCUITRY 


1BM t. 
EGA FULL | $524 WITH 64k-BYTE GRAPHICS RAM: $982 FOR VERSION WITH 
DAUGHTER-BOARD UPGRADE TO 256k BYTES OF GRAPHICS RAM 


-IDEASSOCIATES _ 
| ALLABOARD nO $795, INCLUDES SERIAL AND PARALLEL PORTS, HARD-DISK CON- 
és -TROLLER, AND CLOCK/CALENDAR CIRCUITRY; $995 WITH 2M-BYTE 
EMS RAM OPTION (IN ADDITION TO STANDARD 256k-BYTE 
GRAPHICS RAM); REMEMBERS EMULATION MODE AFTER WARM 
BOOT 
OVERBOARD $595, INCLUDES SERIAL AND PARALLEL PORTS AND CLOCK/CALEN- 


DAR CIRCUITRY; REMEMBERS EMULATION MODE AFTER WARM 
BOOT 


INTELLIGENT DATA 
EGA+ YES C&T HALF $495, INCLUDES PARALLEL PORT 


NOTES: 
' C&T=CHIPS AND TECHNOLOGIES INC, NSI=NSI LOGIC INC. 
? ALL BOARDS INCLUDE 256k BYTES OF GRAPHICS RAM UNLESS OT HERWISE NOTED. 
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purpose RAM, serial or parallel 
ports, disk controllers, or clock/cal- 
endar circuitry. More than half offer 
standard or optional Hercules emu- 
lation. The large number of imita- 
tors has served to establish the 
EGA firmly as the color graphics 
standard for the PC. 


Ensuring software compatibility 


If you plan to add EGA capability 
to a PC that you’re already using, 
you might find that the most diffi- 
cult problem is ensuring compatibil- 
ity between your existing software 


'NSI LOGIC 
‘EPIC 


” PARADISE 


AUTOSWITCH YES 


QUADEGA+ 


STB a = 
EGA PLUS 


ATUNG — 
TECMAR 
EGA MASTER 


EDN September 18, 1986 


PARADISE HALF 


and the board you select. In some 
cases, your best approach might be 
to obtain revised software that in- 
cludes EGA drivers. 

Your alternative is to find a board 
that emulates the standard that 
your software supports. But be- 
ware: Software designed to work 
with the CGA won't necessarily 
work with an EGA board (even 
though all such boards include a 
CGA mode), and software designed 
to work with the Hercules board 
won’t necessarily work with all of 
the EGA boards that purport to 


offer Hercules emulation. You must 
ensure that the programs and the 
boards are tested together. 

The hardware/software compati- 
bility problems result from the 
schemes that manufacturers are 
using to implement the EGA stand- 
ard. Because IBM’s EGA board is 
based on proprietary chips that 
don’t include all of the hardware 
registers included on the MDA and 
CGA boards, the IBM EGA doesn’t 
support ill-behaved CGA programs 
—those that address the graphics 
hardware directly instead of 


PRICE AND COMMENTS? 


PTIONAL | $595 IN FULL- OR HALF-SIZE VERSIONS; REMEMBERS EMULATION 


FULL 


. $595 
FULL 


REQUIREMENTS 


HALE | $299 


$325 


$499 


$945, INCLUDES 8-MHz 80286 AND 8k-BYTE CACHE MEMORY _ 


$599, INCLUDES SERIAL AND D PARALLEL F PORTS AND  CLOCKICALEN 
DARCIRCUITRY —y 


VY; $200 FOR OF 
TO STANDARD Peer. ShArHics RAM) | 


MODE AFTER WARM BOOT 


$599: EMULATION AUTOMATICALLY SWITCHES TO MATCH PROGRAM 


$899, INCLUDES 10-MHz 80206 AND 4k-BYTE CACHE MEMORY 


FULL $495, INCLUDES SERIAL AND PARALLEL PORTS, $30 FOR 
CLOCK/CALENDAR OPTION 
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through the system BIOS. (This “ill- 
behaved” software often contains 
hardware-specific utilities that will 
no longer work if you change the 
hardware. These programs were 
originally written to circumvent the 
BIOS because they required faster 
operation than the BIOS could pro- 
vide.) Similarly, the EGA doesn’t 
support Hercules programs. If 
you'll be running programs in either 
the CGA or the Hercules emulation 
modes, you'll need an EGA-compati- 
ble board capable of supporting 
them. 

Many EGA board manufacturers 


have chosen to follow IBM’s lead in 
supporting neither the ill-behaved 
CGA programs nor the programs 
designed to work with the Hercules 
board. Some companies, however, 
let you select board versions with or 
without support for such software. 

AST Research, for instance, of- 
fers a choice with its AST-3G board: 
One version offers the same func- 
tionality as IBM’s EGA and includes 
only 64k bytes of RAM; that basic 
board costs $425. An upgraded 
board with 256k bytes of RAM adds 
another $75. You can also purchase a 
version with Hercules- and CGA- 


register emulation for an additional 
$75. However, the Hercules emula- 
tion option is merely an Am9128- 
15PC RAM that buffers a PAL 
that’s already on the basic board. 
Adding the RAM yourself costs only 
about $10. 


Chip-set implementations 


EGA boards that do implement 
the Hercules and ill-behaved CGA 
modes use different techniques, de- 
pending on which EGA ASIC chip 
or chip set the board uses (see box, 
“Four companies offer EGA chip 
sets”). For example, Chips and 


aman OLOLOQ,Q,, 


Four companies offer EGA chip sets 


Four companies currently offer EGA chips or chip 
sets for sale: Chips and Technologies, Paradise, 


NSI Logic, and Tseng Labs. (Genoa Systems has 


no plans to market the proprietary 2-chip set that 
it uses in two of its boards.) The single- or multi- 
ple-chip implementations each cost from $40 to $50 
in OEM quantities; their differences lie in their 


physical size, their level of compatibility with exist- 


ing graphics standards, and their enhancement ca- 
pabilities. Knowing more about these chips can — 
help you decide which EGA-compatible board is 
right for your application or help you choose the 
chip or chip set best suited for your own EGA- © 
compatible board design. 

The set that has been available the longest and 
is used by most EGA-compatible boards is from 


Chips and Technologies. The 4-chip set comprises. 
the 82C431 graphics controller, 82C432 sequencer, — 


82C433 attribute controller, and 82C434 CRT con- 
troller. Following IBM’s lead, the set includes only 
the registers supported by the EGA board; thus, 
the set does not support Hercules programs or 
CGA programs that attempt to access the board’s 


hardware directly. Board manufacturers who wish © 


to include Hercules and full CGA support can sup- 
ply software patches. 

Similarly, Tseng Labs’ ET2000 Series chip set 
does not support the Hercules and ill-behaved 
CGA programs. The set, which consists of three 
68-pin chips (the ET2000 CRT controller, the 
E'T2001 attribute controller, and the ET2002 
graphics data controller), does support a 132-col- 
umn display and a windowing and scrolling 
function. 

NSI Logic’s EVC-215 single-chip EGA imple- 


18 


contrast to other EGA chip se 


mentation provides hardware emulation of the 


_ hardware registers used by the CGA board and 


achieves direct compatibility with all programs 


written for the CGA. The EVC-215 doesn’t, how- 


ever, provide hardware for the Hercules standard. 


_ The chip offers a speed advantage for computation- 


intensive tasks, such as 3-D modeling; the EVC- 


- 215 can offload some processing tasks from the 


host CPU because of the chip’s internal parallel __ 
bus architecture. For example, if the CPU wants 
to write to video RAM at the same time that the 
RAM is refreshing the screen, the CPU needn’t 


- wait. It passes the data to the Eve the chip — 
_ waits until the refresh is complete and th : 
to RAM, allowing the RAM: no 


autonomously. : _ 

Paradise Systems cee bot 
MDA hardware registers on 
chip, ensuring hardware cor 
software. The set emulates 


combination of hardware, softw: 
quest an emulation-mode ch 
through a proprietary hardware nd 2 
bination, can automatically switch grap! nics gard 

To prevent this automatic switching from occurring 


accidentally, the Extended Mode Control register 


must be unlocked before it can be rewritten. This _ 
register is used as a write-only register by applica- 
tion programs; it can be unlocked only by being 
read twice in a row. The automatic-switching fea- _ 
ture can be turned off when you install two sepa- _ 
rate boards in a system and have dual monitors 

running in different modes. The PEGA1 comes 
with the Paradise EGA BIOS extension. _ 
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CAN KEEP YOUR DESIGN ON TRAC 


_..And Cut Your Switching Losses. 


Blazing speed. Brawny power. The TSC429 
from Teledyne Semiconductor isthe CMOS | 
driver that can turn your power MOSFET into ar 
express train. 


lt converts your low-power CMOS or TTL input 
loads into mighty output: a 0 to 18 volt swing 
with a peak current of more than 6 amperes. 
And it cuts your switching losses, charging the 
MOSFET static and Miller gate capacitance 
with lightning spoeed—to swing a 2,500 pF load 
of 18 volts in only 25 nanoseconds, or a load 
of 10,000 pF in just 62 nanoseconds. 


We made the TSC429 to give you power—not 


it. It operates from a single supply voltage 
0 18 volts. t use: exceptionally low 


power control circuits—whether they’ re switch 
e power supplies, motor controllers, DC-to- 
DC converters, actuators, alarm avers. switch- 
ing amplifiers or something else. 


Keep your design on track. Get the full story 
on the TSC429 Power Driver. Just send inthe 
coupon or call us at (415) 968-9241. 
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Sea reste 


The Analog Signal Processing Company’ 


1300 Terra Bella Avenue « Mountain View, CA 94039-7267 « (415) 968-9241 
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A proprietary chip, the PEGAI, allows Paradise’s graphics board to automatically switch to 


the emulation mode required by a program. 
Technologies Inc’s chip set does not 
implement all of the hardware regis- 
ters used by the CGA and Hercules 
boards, so CGA- and Hercules-com- 
patible boards that use the CTI set 
implement those register functions 
in software. To change modes, you 
must initiate some action from the 
keyboard, such as running a pro- 
gram that loads in a software patch. 
The patch will change the interrupt 
table entries that vector the pro- 
gram to routines that handle the 
program’s attempt to address the 
nonexistent hardware registers. 
The QuadEGA+ board from 
Quadram is typical of boards that 
rely on patches to achieve complete 
mode compatibility: You can select 
the default mode (the graphics 
mode that the board comes up in 
after a warm or cold boot) with DIP 
switches or jumpers, and you can 
change modes without rebooting the 
system by running a short manufac- 
turer-supplied program. 


Sample ill-behaved programs 


Two application programs are 
used as tests for board compatibility 
with Hercules and ill-behaved CGA 
software: Lotus 1-2-3 version 1A 
and Microsoft’s Flight Simulator, 
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respectively. Flight Simulator is 
one of the most flagrant of the ill- 
behaved programs in that it does 
not run under the computer’s oper- 
ating system, PC-DOS§; instead, the 
computer boots from the Flight 
Simulator disk and relies on Flight 
Simulator’s own I/O routines. If 
your EGA can run Lotus 1-2-3 ver- 
sion 1A and Flight Simulator, it can 
probably run most Hercules and ill- 
behaved CGA programs, but you 
can’t be sure it will run all such 
programs (Ref 2). The best way to 
determine your EGA’s compatibility 
with a non-EGA program is to test 
the software with the board. 

NSI Logie’s board, Epic, imple- 


ments all of the CGA’s registers, 
even those not used by the EGA. 
Epic thus supports all CGA pro- 
grams, even ill-behaved ones, but it 
does not support the Hercules 
mode. The company expects that 
the majority of EGA users will not 
use a monochrome monitor. You can 
override the board’s switch-selecta- 
ble default mode from the keyboard; 
what’s more, after a warm boot, the 
board can remember the graphics 
mode that was in effect before the 
warm boot. : 


High speed and resolution 


Genoa Systems’ initial EGA-com- 
patible offering, Spectra-EGA, is 
based on the Chips and Technolog- 
ies chip set and lacks Hercules com- 
patibility. Genoa designed its own 
2-chip set for the Super-EGA and 
Super-EGA+; both boards support 
the Hercules and CGA standards. 
Because the boards can run as fast 
as 9 MHz, they can take advantage 
of the higher speeds of the PC/AT. 
In addition, they support 640 x 400- 
dot resolution. Keep in mind, how- 
ever, that to take advantage of non- 
standard-resolution capabilities, the 
software must have board-specific 
drivers. 

Tseng Labs’ Eva board takes ad- 
vantage of its manufacturer’s own 
chip set to offer a windowing, zoom- 
ing, and scrolling function and to 
support a 132-column display as well 
as the standard EGA 80-column dis- 
play. The wide-column feature pro- 
vides video support for emulation of 


A 10-MHz 80286 and 4k bytes of cache memory complement the graphics capability of this 
board from Sigma Designs. 
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Circuit-Board-Artwork Software: 
$895. And guar nteed. 


Te) 


oOo 
Mei ets » 


S rAAD YT bias WD 


tee on te sf. ee ee 


~ 


Piney eee Hae ies HN TS aT 
See eae! ss Rabe it se Re a Sec a Y 
eae ] pk 
@ @ @ @)e@)oa@ 1 QQ, @ @ @ @ @ «E¢ 
| \ | qu 
& ¢€ &> @21@2)@*o < @ re P. 


— 


a il 


he ie ie | 


fo o ’ a? A i P 
LM hl 4 da 
fa ‘ 


oS same rereerretl 
——— see A tietiiieey 


sentersvoontyorainewtnten matte 


oaueaierseversstenen nna 


iM 


keep complele control over your 
7 or naa artwork — on oe 


CIR@LE NO 55 


TECHNOLOGY UPDATE 


terminals like the VT100 and Tek- 
tronix 4010/4014. 

IBM’s EGA is densely populated 
and requires a piggyback board to 
supply extra memory; other compa- 
nies use ASICs and 256k-bit RAMs 
to free up board real estate on the 
EGA compatibles. Some manufac- 
turers have chosen to offer their 
boards in half-size packages; others 
have stayed with the full-size board 
and added additional functions. The 
most common of these added fea- 
tures are parallel and serial ports; 
however, some manufacturers offer 
extensive multifunction capability. 

For example, IDE Associates’ All 
Aboard combines serial and parallel 
ports, a clock/calendar, a hard-disk 
controller, and an optional 2M bytes 
of Intel’s Expanded Memory Speci- 
fication (EMS) RAM on its $995 


EVC-215-based board. And Vutek 
Systems’ $895 Vutek EGA combines 
a parallel and a serial port, a clock 
calendar, and 512k bytes of RAM. 


Onboard 8- or 10-MHz 80286 


Systems based on the PC/XT may 
find the EGA graphics display too 
slow, because the EGA has no on- 
board processor and the system 
CPU must handle all memory trans- 
fers and manipulation. TurboEGA 
from Orchid Technologies combines 
the Chips and Technologies chip set 
with an 8-MHz Intel 80286 running 
with zero wait states. To install the 
board, you pull out the PC’s 8088 
processor and plug it into the Tur- 
boEKGA. A toggle switch, accessible 
at the rear of the computer, allows 
you to switch between the two pro- 
cessors. The board also features an 


8k-byte disk cache to reduce the 
time spent in disk I/O. 

Sigma Designs also offers high- 
speed processing; that company 
markets a board that’s similar to 
Orchid’s TurboEGA but that in- 
cludes a 10-MHz 80286 and a 4k- 
byte cache. EDN 
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Fast Instrumentation Amp 


The new INA110 is a simple, economical 
solution for applications requiring fast, 
accurate amplification of low level signals. 
Its fast 3us settling time (to 0.01%) makes 
the INA110 particularly useful for rapid 
scanning of multiplexed signals in factory, 
process, and laboratory data acquisition 
systems. 


INA110 provides 12-bit accuracy and draws 
only 50pA max bias current. It is ideal for 
handling differential signals from 
unbalanced or high input impedances and 
permits the use of large series resistors for 
input filtering and/or overvoltage protection. 


High Performance At Low Cost 

INA110 is a classic three-op-amp 
instrumentation amplifier implemented in a 
low cost, reliable monolithic design. 
On-chip thin-film resistors provide 
convenient pin-strappable internal gains of 
1, 10, 100, 200, and 500 with very low 
corresponding gain drifts, varying from 10 
to 50ppm/°C. INA110 also provides a 
current output sense pin for greater load 
connection accuracy. 


It has the same pinout as AD524 and AD624, 
SO many existing applications requiring 
higher speed and/or lower bias current can 
be upgraded quickly, easily, and at lower 
cost. Both grades of INA110 are offered ina 
compact 16-pin ceramic DIP, specified for 
—25/+85°C operation. 

Rapid Scanning Data Acquisition 

The challenge of many data acquisition 
designs is to scan a large number of 
channels with high throughput. It is 
particulary difficult to quickly acquire low 
level signals in the presence of common- 
mode interference. 


To solve this problem, a fast settling 
instrumentation amplifier can be used as 
shown in Figure 1. For example, in a gain of 
10, settling time of 3us to 0.01% is possible 
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from the INA110. With an additional 2us 
from the multiplexer and sample/hold 
shown, the channel can settle to 0.01% in 
under 5us. This monolithic analog front-end 
now meets the speed of new, faster 12-bit 
A/D converters. 
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FIGURE 1. Rapid-Scanning-Rate Data Acquisition 
Channel with 3us Settling to 0.01%. 


Low Pass Filtering 

Designers often use low pass filters at the 
input to an instrumentation amplifier, as 
shown in Figure 2. The two main 
advantages are greater rejection of noise 
and protection from amplifier saturation due 
to fast transients on the input line. However, 
DC error and circuit noise are increased by 
the interaction of amplifier bias current 
and high input source resistance added to 
the circuit. 


* Circle magazine Reader Service Numbers to obtain additional product information. 


Solves Industrial Signal 
Conditioning Problems 


This extra error can be overcome by using a 
picoamp bias current amplifier. The INA110, 
with SOpA of bias current, can tolerate series 
input resistances of 500kQ and more 
without significantly affecting DC accuracy. 
Figure 2 shows a 1.6Hz low pass differential 
input filter using a relatively small 0.1uF 
capacitor. If it were not for the low bias 
current, this circuit would require smaller 
resistors with a much larger capacitor (10kQ 
and 10uF) to obtain this low cut-off 
frequency. 


+15VDC 


FIGURE 2. Low-Pass Filtering Ahead of the IA 
Using Large Series Input Resistors. 


Key INA110 Specifications: 


Biascurenl................. 50pA max 
settling time (t00.01%) ............ SUSEC 
CVR...................... 106dB min 
Offseiciii................ ouV/°C max 
Noise............... 10nV/V/Hz (10kHz) 
Lineaniyernor............... 0.005% max 


BURR -BROWN® 


Complete Monolithic 16-Bit D/A Converters 
Now Available With True 15-Bit Linearity 


15-Bit Accuracy 
16-Bit Monolithic DAC 


. 7* x 


Burr-Brown announces new LH and CH 
models of the popular DAC700-703 family of 
complete, monolithic 16-bit D/A converters. 
The key specification for these devices is an 
integral linearity error of +0.0015% of FSR 
max at 25°C (+0.003% of FSR max at rated 
operating temperature). Previously the best 
specification offered in the DAC700-703 
family was +0.003% of FSR max at 25°C 
(+0.006% of FSR max over temperature.) 


The DAC700-703 family from Burr-Brown is 
the industry’s only line of complete, 
monolithic 16-bit digital-to-analog 
converters, including precision buried- 
zener voltage references and low noise, 
fast settling output operational amplifiers 
(voltage output models). 


High Accuracy and Versatility 

The new DAC700-703LH, CH versions are 
further refinements of this same monolithic 
16-bit D/A converter family. Advanced 
Current switch design techniques 
accomplish not only 15-bit monotonicity 
over the entire specified temperature range 
but also maximum end-point linearity error 
of +0.0015% of FSR at 25°C. Total full-scale 
gain error drift is limited to +10ppm/°C max. 
Digital inputs are complementary binary 
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coded and are TTL-, LSTTL-, 54/74C-, and 
54/74HC-compatible over the entire 
temperature range. Outputs of 0 to +10V, 
+10V, 0 to —2mA, and +1mA are available. 


These D/A converters are packaged in 
hermetic 24-pin ceramic side-brazed 
packages. The DAC700-703LH/CH products 
are exact high-accuracy replacements for 
DAC700-703KH/BH grades and are pin 
compatible with the voltage and current 
output DAC71 model family. 

Key DAC700-703LH/CH Specifications: 
Linearity error..... +0.0015% of FSR max 
Specification temperature range 


Llc osanen se iawn pew e ances 0/+70°C 

og ee ee re eee —25/+85°C 
Monotonicity over spec 

temp range.......... 15 bits guaranteed 
Linearity error 

overtemp........ +0.003% of FSR max 
Gain drift .......0.0.000.. 10ppm/°C max 
Offset drift: 
Unipolar 

(DAC700-701).... 3ppm of FSR/°C max 
Bipolar 


(DAC702-703).... 5ppm of FSR/°C max 


High Speed, Low Cost, Fiber 
Optic RS-232 Modem With 
Multi-Drop Capability 


LDM85 is a small, inexpensive fiber optic 
modem. It features a complete RS-232 
port as well as high speed TTL data 
transmit and receive. It is capable of data 
rates from DC to 5 megabaud. A unique 
multi-drop capability allows local area 
networks to be formed with the isolation 
and data security of a fiber optic data 
highway. This can be accomplished with 
a low cost per drop. 


LDM85 comes in a small, rugged aluminum 
package. Additional features include a 
DCE/DTE switch and pin (LDM85-P) or 
socket (LDM85-S) connector for the RS-232 
port, three diagnostic LED indicators, and 
SMA connectors for the fiber optic cables. 
The TTL port may be interfaced to local 
RS-422 ports. A European (VDE) power 
supply is available. The package size is 
2.1X 1X 3.6 inches. 


Key LDM85 Specifications: 
Data rate............. DC to 5 megabaud 
Distance ........... 2 kilometers per drop 


RS-232 port including 
control signals ..... TD, RD, CTS, RTS, 


RLSD, DTR 

SIO cad eewnaseessedaagees enc TD, RD 
DCE/DTE switch ................0.00.. 1 
Diagnostic LEDS ovnisiscassceccaetaunas 3 
Temperature range ............. 0/+70°C 
Power ................ 120/220VAC at 3W 
or 5VDC at 1W 
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Multi-Drop Diagram 


Fiber Optic 
Cable 


—— = 
To Additional Units 
= = 


Military Power Amp Drives 
Heavy Loads Safely 


Burr-Brown introduces the new OPAS01- 
/883B (OPA8785/883B) series of high power 
operational amplifiers, manufactured and 
tested in compliance with the requirements 
of MIL-STD-883. The high-current output 
stage delivers +10A, yet the amplifier is 
unity-gain stable and can be used in any 
operational amplifier configuration. The 
260W peak output capability allows the 
OPA501/883B to drive heavy loads (such as 
motors) with a greater safety margin. 


Safe operating area is fully specified and 
output current limiting is provided to protect 
both the amplifier and the load from 
excessive Current. 


This hybrid IC is housed in an 8-pin 
hermetic TO-3 package. The electrically 
isolated package allows direct mounting to 
chassis or heat sink without an insulating 
washer or spacer which would increase 
thermal resistance. 


OPA501/8838B is offered in two electrical 
performance grades and three product 
assurance levels. All versions are 
manufactured on a separate Hi-Rel 
manufacturing line in full compliance to the 
requirements of MIL-STD-883, assuring 
inherent quality and long product life. 


Key OPA501/883B (OPA8785/883B) 
Specifications: 


Output current .............. +10A, peak 
Output power ............... 260W, peak 
DC thermal impedance ......... 2.2°C/W 
Power supply ....... +10VDC to +40VDC 
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6.4MHHz gain bandwidth 
35V4jusec siew rate 


+-4pA max bias current 
t+t750iLV max offset voltage 


Burr-Brown’s new OPA404 precision 
Difet ® quad operational amplifier lets 
designers take advantage of the space 
savings and low cost-per-amp of quads 
without sacrificing performance. OPA404 is 
the industry’s first high performance FET 
input quad op amp, and it’s available in the 
standard quad amp pinout so existing 
designs can be upgraded quickly and easily. 


Broad Range of Applications 

This monolithic device combines dielectric 
isolation with an input cascode for very low 
bias current, wide bandwidth, fast slewing, 
and fast settling performance. Its speed and 
precision are particularly suitable for data 
acquisition and instrumentation 
applications, while its low bias current and 
offset voltage make OPA404 an excellent 
choice for low level signal processing 
applications such as photodiode amplifiers 
and peak detectors. It is available in two 
—25/+85°C electrical grades (AG and BG) 
and one —55/+125°C grade (SG), each 
packaged in a ceramic 14-pin DIP. 
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Key OPA404 Specifications: 

Offset voltage .............. +750uV max 
Bias current................4% +4pA max 
Bandwidth .................. 6.4MHz typ 
Slew raté......... 20. c eee eee 35V/usec typ 
Settling (0.01%) ............... 1.5usec typ 
Noise (10kHz) ............. 12nV/\/Hz typ 


P/fet ® Burr-Brown Corp. 


New Sample/Hold Amplifier Features 
14-Bit Accuracy, 6usec Acquisition 


The SHC76 is a fast, high accuracy (14-bit) 
hybrid sample/hold circuit suitable for use 
in high-resolution data acquisition systems. 
A key specification is SHC76’s fast 6usec 
max acquisition time (14-bit). Aperture 
uncertainty is typically less than 400psec. 


The SHC76 is complete with an internal hold 
Capacitor and incorporates an internal 
compensation network to minimize sample- 
to-hold charge offset. The SHC76 is 
configured as a unity gain inverting 
amplifier. 

Build Wide Bandwidth Systems 

SHC76 combines with popular high 
resolution A/D converters such as Burr- 
Brown’s ADC76, ADC71, and PCM75 to 
make complete, 14-bit accurate analog-to- 
digital conversion systems. For example, the 
fast throughput time of an ADC76KG in 
combination with SHC76KM allows 
digitization of input signals with bandwidths 
greater than 20kHz (14-bit accuracy). 


The SHC76 comes in a 14-bit hermetic metal 
DIP. Power supply requirements are 
specified from +14.5V to +15.5V, with 
guaranteed operation from +11.4V to +18V. 
Input voltage range is +10V. The SHC76 is 
available in two temperature ranges: 0/70°C 
(SHC76KM) and —25/+85°C (SHC76BM). 
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Key SHC76 Specifications: 
Acquisition time to 14 bits ..... 6usec max 
Aperture uncertainty......... 0.4nsec typ 
Droop rate ................ 1uV/usec max 
Offset voltage 

(adjustable to zero) ......... +3mV max 


Output configuration ..... Unity/Inverting 


Military Products Division 
Update 


The Military Products Division has been very 
active this past year. Many new resources 
(both people and equipment) have been 
added that will result in improved lead times 
and many new products in 1986. The 
following is a report on some of the activities 
taking place: 


A. MIL-STD-883C, Notice 4 changes have 
been incorporated in our process 
documentation to ensure compliance with 
the most recent changes to the requirements 
of MIL-STD-883. Notice 4 requires a 
manufacturer of hybrid circuits to be 
certified to MIL-STD-1772 by November 29, 
1986 in order to supply “883” product. The 
final touches to our MIL-STD-1772 Section 
B qualification plan have been completed. 
We anticipate qualification of our thick film 
and hybrid assembly techniques to be 
completed by third quarter 1986. 


_B. The project for MIL-M-38510 part Il QPL 


Listing of our 4213VM/883B to the 
requirements of the M38510/13904 slash 
sheet is well on its way and will be 
completed second quarter of 1986. 


C. Due to the far reaching changes 
incorporated by MIL-STD-883C, the 
processing previously employed in our 
“/883B” product must be the same as was 
offered by our “/MIL”. The “/MIL” designator 
has been dropped for new design-ins. 
Military Products continues to offer the 
“/883B” or “/B” product. These designators 
signify product that is compliant to the 
requirements of the current revision of 
MIL-STD-883 for class “B” product. A 
reminder that fully compliant “883” products 
are listed in the Military Products section 
(currently section 11) of the Burr-Brown 
Data Book. If in doubt, consult factory. 


D. Anew brochure is available describing 
the Military Products Division and its 
capabilities, processes, and products. 
Available on request. 
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New ADC76 Models 
With Metal Package, 
Higher Performance, 
Wider Temp Range 


Burr-Brown announces the addition of 
ADC76JM/KM and ADC76AM/BM to its 
15usec (14-bit) ADC76 analog-to-digital 
converter line. The new models feature no 
missing codes over a wider temperature 
range than previously specified: no missing 
codes 0/+70°C for the ADC76KM/BM (14 
bits) and ADC76JM/AM (13 bits). In addition, 
the ADC76AM/BM grades are specified for 
operation over the full industrial temperature 
range of —25/+85°C. All other specifications 
are the same as the ADC76JG/KG. 


Complete 16-Bit ADCs 

ADC76JM/KM and ADC76AM/BM are low 
cost, high quality, 16-bit successive 
approximation A/D converters. The ADC76s 
use state-of-the-art IC and laser-trimmed 
thin-film components and are packaged in 
compact 32-pin metal DIPs. The converters 
are complete with internal reference, short- 
cycling capabilities, serial or parallel output, 
and thin-film scaling resistors which allow 
selection of analog input ranges of +2.5V, 
+5V, +10V, 0 to +5V, and 0 to +20V. 


Data is available in parallel and serial form 
with corresponding clock and status output. 
All digital inputs are TTL compatible. Output 
code options are complementary straight 
binary, complementary offset binary, and 
complementary two’s complement (with 
MSB inverted externally). Power supply 
voltages are +15VDC and +5VDC. 


Key ADC76AM/KM Specifications: 


Linearity error...... +0.003% of FSR max 
Conversion time (14 bits)..... 15usec max 
Gain drift ................... £175ppm/°C 
Guaranteed no missing codes 

temp range: 
14-bit .......... 0/+70°C (ADC76KM/BM) 
13-bit .......... 0/+70°C (ADC76JM/AM) 
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Free Demo Diskettes, and PC 
Instrumentation Handbook 


The Handbook of Personal Computer 
Instrumentation for Data Acquisition, Test, 
Measurement and Control is an industry 
first. Amost 200 pages contain everything 
you ever wanted to know—and then some. 
Here’s a sample of what's included: 


e A tutorial section describing, in practical 
terms, the theory and philosophy of using 
personal computer instrumentation (PCI). 


e An applications section, complete with 
dozens of diagrams. 


e A software section that describes and 
references the wide range of packages 
that are readily available. 


A $9.95 value, it can be yours—FREE—if 
you'll write on your company’s letterhead to: 


The PCI Handbook 

Burr-Brown International Publications 
and Distributors Co. 

P.O. Box 7735 

1117 ZL Schiphol 

The Netherlands 


Demonstration Disks 


Designed to show product capabilities, 
specifications and applications for the 
PCI-20000 system, this demo disk runs on 
the IBM PC and compatible computers that 
contain a graphics card. 


It’s yours for the asking. Just contact the 
Burr-Brown sales office or sales 
representative nearest you. 


The New OPA600: 
A Super-Fast FET Op Amp 


Burr-Brown’s new OPA600 operational 
amplifier features very wide bandwidth, very 
fast settling, excellent input accuracy and 
line driving capability—an unusual 
combination not found in any other 
amplifier. 


This amplifiers unique high performance 
capabilities make it ideal for video and 
pulse amplifiers, radar signal processing, 
RF and telecommunications, ECM, and as 
a driver for high-speed “flash” converters. 
Plus, the low bias current FET input and 
high gain bandwidth product make the 
OPA600 particulary attractive for high- 
speed photodetector circuits. 


Very fast settling time (100nsec to 0.01% 
typ for 10V steps) allows the OPA600 to be 
used in fast data conversion systems 
where accuracy is essential. 
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The new industrial OPA600 is available in 
a hermetic metal 14-pin DIP package with 
—25/+85°C and —55/+125°C temperature 


ranges. A fully MiL-qualified version is 
also available. 


Key OPA600 Specifications: 
Settling time 

(0.01%, 10V steps) ........ 125nsec max 
Gain bandwidth product 

(open loop, G=1K) ......... 5GHz typ 


Closed loop bandwidth 
(—3dB, compensated) 


ce 2 /)! re 125MHz typ 
G=-IWV ..... ee. 90MHz typ 
G=10V/V............00.. 95MHz typ 
G=100VW/V ....... cece. 20MHz typ 
G=1000V/V ..........00.. 6MHz typ 
Slew rate (G=1V/V).... +400V/usec min 
Bias current................ —100pA max 
Offset voltage .............0.. +4mV max 
DTI sin deision, a2 saree aie ata ad +20uV/°C max 
Output voltage (RL. =50Q) ..... +10V typ 


Output current (Ri =50Q) .. +180mA min 


New High-Performance 


VMEbus Boards 


MPV954 is a high speed, 8-channel analog 
output board with a watchdog timer and up 
to 16k X 12 words of on-board memory. 
Output channel configuration and conver- 
sion frequency are fully programmable. 
Other features include 12-bit resolution, 
0.05% accuracy, and a maximum output rate 
of 1 sample/1.166usec. 


MPV911 is the first 16-bit resolution analog 
input board available for VMEbus systems. 
With on-board timer and 32k bytes of swing- 
ing buffer RAM, MPV911 requires a minimum 
of bus intervention. Internal, external, or 
event triggering options are available. 
Specifications include 8 channels with a 
wide choice of input ranges, fast 22usec 
max throughput, and 0.003% system 
accuracy. 


Both of the new VME boards are available 
now from stock. 
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Low Cost, Complete 
uProcessor-Compatible 
DAC, Guaranteed Accurate 
To 14 Bits 


DAC707JP and KP are new, low-cost 
“plastic” versions of the popular 16-bit 
microprocessor-compatible DAC707KH. 
They are complete devices, including 

DAC; precision voltage reference; Vour op 
amp; double-buffered, 16-bit parallel input 
port; and latch-enable, WRITE, and 
CLEAR control logic, all packaged in very 
economical 28-pin plastic DIPs. The new 
DACs provide exceptional performance for 
their price, including outstanding accuracy, 
very low gain and offset drift, and fast 
settling voltage outputs. Both models are 
specified for 0/+70°C operation. 


Easy To Use And Interface 

All inputs are compatible with TTL logic 
levels. DAC input coding is Binary Two’s 
Complement (BTC) Voltage output is 
+10V. The DAC707JP/KPs’ reset 
capability simplifies the task of hardware 
initialization in user applications. The 
unique design of the new DACs also 
overcomes the digital feedthrough 
problem common to other uP-compatible 
devices by isolating the output from noise 
associated with normal digital bus activity. 


Key DAC707JP/KP Specifications: 
HOSOIVUON asccccckcaasnawoetes aba 16 bits 
Linearity error: KP .... +0.003% FSR max 
JP..... 0.006% FSR max 
Guaranteed monotonicity 
overtemp..... 14 bits (KP), 13 bits (JP) 
Gain drift ......... +25ppm/°C max (KP) 
OUlOUL 54ccseoceessandateioreuses +10V 
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New, Fast Buffer Amp 


With 250MHz Bandwidth 


OPA633 is a monolithic, unity gain buffer 
amplifier offering exceptionally high slew 
rate, wide bandwidth, and high output 
current. This combination of features 
makes OPA633 the superior choice for 
video, line driver, and A/D converter input 
applications. Its high output current can 
drive 509 and 752 lines, ideal for RF, IF, 
and video. 


A new dielectric isolation process provides 
high frequency NPN and PNP transistors, 
producing wide bandwidth performance 
far exceeding conventional IC technology. 
Precision laser trimming also reduces 
input offset voltage to only one-fifth that of 
similar competing devices. For example, 
OPA633 is an excellent pin-compatible 
replacement for the older HA-5033 part. 


OPA633 is available in a hermetic 12-pin 
TO-8 metal package specified for 
—25/+85°C and —55/+125°C ranges, and a 
very low cost plastic DIP for 0/+75°C 
operation. 


Key OPA633 Specifications: 

BaAnOWiGin «isos scctanvacedacous 200MHz 

Slew rat€...... cc cece eee eee 3000V/usec 

OUDUT CUITONE cnc daceiasivndensce 100mA 

Offset voltage .................000. imV 
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Available Now 


Reliability test report on Burr-Brown’s line 
of DC-to-DC converters. For your free 
copy, circle RS No. EPN 8627. 


Coming Soon 


e New series of 20W, regulated triple-output 
DC-to-DC supplies. 12 to 48V input 
options with +15V and +5V outputs. 


e New series of high-voltage DC-to-DC 
converters. 12 to 48V input options with 
+110V outputs. 


New DC-to-DC converter designed to 
power both bridge circuits and related 
instrument amplifiers. 


1.5usec 12-Bit A/D Converter Sets New 
Price/Performance Level: The new 
ADC806 will match the speed and pinout 
of the ADC803 with lower power and lower 
price. Reduced chip count and reduced 
power translate into higher reliability. 


DAC703/883B Series: Burr-Brown’s 
Military Products Division will be 
introducing an /883B version of the 
DAC/703 16-bit bipolar voltage-output 
monolithic D/A converter. In addition to 
the performance of the DAC703, this 
product will feature MIL-STD-883 
processing with specifications and testing 
over the military temperature range. This 
product will be offered in a 24-pin ceramic 
side-brazed package as well as a 28- 
terminal LCC. 


QPL Listing: The Military Products 
Division is pursuing a Part Il QPL-38510 
listing for Burr-Brown’s 4213VM/883B. 
This device will be qualified to the 
requirements of the detailed government 
specification MIL-M-38510/139. This will 
be the first QPL listing for a Burr-Brown 
product. 


New Burr-Brown Integrated 
Circuits Data Book 


This new 1272-page Data Book contains 
complete specifications, applications 
information, and pricing for 900 IC 
products and accessories. Product 
categories include operational, isolation, 
and instrumentation amplifiers; A/D and 
D/A converters; military products; CMOS 
multiplexers; analog circuit functions; 
sample/hold amps; and modular power 


supplies. 


Free copies of this valuable reference can 
be obtained from any Burr-Brown sales 


office. 


BURR -BROWN® 


IMPROVING PRODUCTIVITY 


INTERNATIONAL SALES DIRECTORY 


Burr-Brown International 
Overseas Marketing Corp. 

1 Millfield House 

Woodshots Meadow, Watford 

Hertfordshire, England WD1 8YX 

Telephone 0923-46759 

Telex 922481 


Burr-Brown International Publi- 
cations and Distributors Co. 

P.O. Box 7735 

1117 ZL Schiphol 

The Netherlands 

Telephone 020 470 590 

Telex 13024 


Burr-Brown Ltd. (Scotland 
manufacturing facility) 

Simpson Pkwy., Kirkton Campus 

Livingston, West Lothian 

EH54 7BG 

Telephone 0506-414 445 

Telex 727484 


©1986 Burr-Brown Corporation 


AUSTRIA 

Niederlassung Osterreich 
Burr-Brown Research Gesm.b.H. 
Senefeldergasse 11 

A-1100 Wien 

Telephone 0222/62 63 71 

Telex 134777 


BELGIUM 

Burr-Brown International B.V. 
Avenue Coghen 118 

8/1180 Bruxelles 

Telephone (02) 347-44-30 
Telex 62805 


THE NETHERLANDS 
Burr-Brown International B.V. 
P.O. Box 7735 

1117 ZL Schiphol, Holland 
Telephone 020-470590 

Telex 13024 


FRANCE 

Burr-Brown International S.A. 
18 Avenue Dutartre 

F-78150 LeChesnay 
Telephone (013) 954-3558 
Telex 842 6963 72F 


ITALY 

Burr-Brown International S.r.1. 
Via Zante, 14 

20138 Milano 

Telephone (02) 506 52 28 
Telex 316246 


JAPAN 

Burr-Brown Japan Ltd. 
Natural House Building 
14-15, 6-chome, Akasaka 
Minato-ku, Tokyo 
Telephone (03)586-8141 


Osaka: Telephone (06)305-3287 


SWEDEN 

Burr-Brown International AB 
Kanalvagen 5 

194 61 Uppiands Vasby 
Telephone 0760-93010 

Telex 14489 


SWITZERLAND 

Burr-Brown AG 
Weingartenstr. 9 

CH-8803 Rueschlikon/Zirich 
Telephone (01)724-0928 
Telex 59880 


UNITED KINGDOM 
Burr-Brown International Ltd. 

1 Millfield House 

Woodshots Meadow, Watford 
Hertfordshire, England WD1 8YX 
Telephone 0923-33837 

Telex 922481 


WEST GERMANY 

Burr-Brown International GmbH 
Weidacher Strasse 26 

D-7024 Filderstadt 1 

Telephone 0711/70 10 25 

Telex 177111257 


Bremen: Tel. 0421/25 39 31 
Dusseldorf: Tel. 02154/84 45 
Erlangen: Tel. 09131/42728 
Frankfurt: Tel. 06061/71564 
Munchen: Tel. 089/61 77 37 


77 No matter how 
. fast technologies 
” change, you can 
keep pace at 


October 7-9, 1986 « Santa Clara Convention Center 
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The only event dedicated to electronics 
— oo packaging and production in the 
[e - i Silicon Valley 


——_ Compare and evaluate a wide range of the latest 
equipment and materials, demonstrated by leading 
suppliers from across the United States. 


Learn how to improve quality, cut costs, and solve your 
production problems at the expanded Conference Program. 


Make plans now to attend. Mail the Advance Registration 
Form below today to receive your credentials and save the 
$10.00 admission fee to the exhibits. 


Cahners Exposition Group Cahners Plaza, PO. Box 5060 
1350 East Touhy Avenue Des Plaines, Illinois 60017-5060 
(312) 299-9311 TLX: 256148 CEGCGO DSP 
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Wi Pn: [J Please send hotel information. | 
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SIEMENS 


os = Our two key ISDN chips are specifically designed 
or microc ip to allow complete realization of a full CCITT 


compatible S-Bus Interface: 


technology that @ PEB 2070 —- ISDN Communications Controller (ICC) 


@ PEB 2080 — S-bus Interface Circuit (SBC) 
connects you Modularity is designed-in by using IOM (ISDN oriented 
modular interface) which controls the data flow 
- between the ICC and SBC allowing flexibility to adapt 
WI e u ure. gm (0 different transmission configurations in the future. 


Meeting the challenges of the Integrated Services Just look-at ese HDOWan Pe 


Digital Network (ISDN) requires a new breed of PEB 2070 ICC: 

advanced microchip technology. Siemens has met @ Programmable high level support of LAPD protocol 
these challenges... with innovative, state-of-the-art @ Serial IOM interface to Level | devices 

ICs ready to connect you to the future of tele- @ Flexible interfaces for B-channel sources 


Communications. NOW. 


@ Microprocessor interfaces for 8048/51/85/86/88 Get detailed information now. Write to Siemens AG, 
families Infoservice 12/Z 026e, PO. Box 23 48, D-8510 Furth, 

@ Low power consumption (1mW to 5mVV) West Germany, quoting “PEB 20 70/2080". 

@ Advanced VLSI 2m CMOS technology 

@ 24-pin package 


PEB 2080 SBC: The key to digital 


@ Meets all CCITT requirements . . 
@ SLD and IOM-compatible communication systems. 


@ Timing recovery capabilities 

@ Level detection in power-down mode 

@ Frame assignment capabilities for trunk module 
applications 

@ Switching of test loops 

@ Low power consumption (4mW to 60 mW) 

@ Advanced VLSI 2um technology 

@ 22-pin package 


Both ICs are the nucleus of a broad family of VLSI! 
chips for ISDN applications designed by Siemens in 
cooperation with major system houses. 
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PC-BASEL 


DEVELOPMENT SYSTEMs 


FOR 8051 OR 630° 


~MICROCONTROLLER¢ 


Designing with 8051 or 6301 ? Start here: 
Our PC-based microcontroller development 


Ashling Systems Architecture 
contains all of the hardware and 


software tools for microcontroller 
development within an integrated 


PC-based environment. Our 
commitment to compatibility 
enhances your systems options. 


systems integrate program development, in-circuit 


emulation and PROM programming for Intel 8051 
or Hitachi 6307 family devices. They're easy to 


use: the Ashling MDS user interface is presented 
on the PC's screen, using command lists and 


clear user messages, allowing operation without 
reference to manuals. And packed with features: 


Compatibility | 


PC 
Networking 


Word 
Processing 


PROM 
Programmer 


File 
Transfer 


| Ashiing 


PC 
MDS 


Logic 


State Analyser 


Test File 


Automation 


MMM 


1 runs on IBM PC/XT/AT 
or compatibles 

LC) full-screen ‘windowing’ 
text editor 

LJ high-speed relocatable 
macroassembler 

_] linker/locator software 

C) fully symbolic software 
for custom assembler 
and emulator symbols 


(J) group file/function-key 
control for single- 
keystroke debug 
sequences 

C] file transfer option for 
Intel/Hitachi/ Motorola 
MDSs preserves 
existing program 
investment 

C] compatible with 
PL/M-51 

_] compatible with 8051 or 
6301 C compilers 

[] real-time logic state 
trace with symbolic 
software 

[) program timer/ 
breakpoint timer 

() separate 8051-family 
program & data 
emulation memory 

C] built-in EPROM 
programmer for all 
common NMOS and 
CMOS devices 


CL) EPROM programming 
support for 8751 and 
63701 ‘ZTAT’ 
microcontrollers 

C] MDSs available for: 

6301X/6301Y/6303R 
8031/8051 
8032/8052 
8044/8344 

[] comes with power 
supply, cables, carrying 
case 


Software development 
Software Development 
Systems are supplied as 
standard with our 
Microcontroller 
Development Systems, or 
may be purchased 
separately. Each SDS 
consists of a full-screen 
text editor, high-speed 
relocatable 
macroassembler, linker/ 
locator, and file conversion 
utilities for: 


[) SDS8051 (Intel 8051/ 
8052/8044) 

[1 SDS6301 (Hitachi 
6301/6801) 

[1 SDS80515 (Siemens 
80515/80535) 


With the Ashling emulator’s 
powertul trace, you can even 
trigger on symbols! 
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Ashling Microsystems Is 
dedicated to making 
development systems and 
tools for microcontrollers 
and application-specific 
ICs, based around 
industry-standard 
personal computers and 
software. This allows us to 
provide highly integrated 
MDSs with both ease of 
use and an outstanding 
price:performance ratio. 


Contact your local 
distributor or Ashling for 

a brochure, or request 

an IBM-compatible 
demonstration floppy disk 
which illustrates Our 
systems. 


The Development Systems Company 


Ashling Microsystems 
Limited, Enterprise House, 
Plassey Technological Park, 
a _ Limerick, Ireland. Telephone: 

cs (International) +353 61 

. 334466. Telex: 70357 

ASHL.El. Fax: +333 61 
334477. 


§ | Distributors: Belgium Air-Parts 
|_| Electronics: (02) 2416460; France 
| A2mM: (1) 39.54.91.13, or Tekelec- 
eeceeresestt: 7 : _ Alrtronic: (1) 45.34.75.35; Israel 
Trithr r __R.D.T. Electronics Engineering: (03) 
7 | 483211; Italy Elettronucleonica: (02) 
se : ep m8 | 4982451; Netherlands Air-Parts 
a eS _ International: (01720) 43221, 
= _ Norway /eleinstrument: (02) 
_ 789460; Spain Instrumatic Espanola: 
_ : (91) 455 8112; Sweden Aktiv. 
peeseasseensss 7 : Elektronik: (08) 7390045; 
sisnatt | Switzerland Instrumatic (01) 
7231410; UK Instrumatic: (06284) 
76741; W Germany /nstrumatic 
Electronic Systems: (089) 858020. 


Hitachi and ZTAT are registered trademarks 
: of Hitachi Ltd., IBM is a registered trademark 
peeaeesh Rares: of IBM Corporation; Intel is a registered 
ae trademark of Intel Corporation. Siemens is a 
registered trademark of Siemens AG. 
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Right now, we have a complete range of 
_ high-speed CMOS (HCMOS) logic ICs. 
_ And we have them in both DIL and in 
Our space-saving SO-package, now a 


_ JEDEC world standard. Available through 


our extensive European organisation, 


es Philips HCMOS is on-hand wherever 


you are. Don’t look overseas for your 
~ HCMOS needs; save time and come to 
us, the largest European source. 

So, plug our pin and function- 
compatible 74HCT ICs straight 
into your LSTTL sockets 
~ without a redesign! — 

True LSTTL compatibility 
with dramatically reduced 

power consumption. Without ~ 
sacrificing system speed, and 5 
at the right price. ff 

Using MOS already? <_ 
Then look at our 74 HCT for 
TTL-level CMOS and NMOS systems, 
or our 74HC for all-CMOS systems. 


NO. OF ICs 


Save board space. Our SO-versions are up to 65 % 
smaller than comparable DILs, and are up to 10 
times lighter. 


Or, design-in HCMOS and enjoy 
all of its benefits. Like freedom from latch- 
up and high reliability (5 FITs). Noise im- 
munity critical? Then think about 74HC. 

Space and cost conscious? Then 
use SO-versions and benefit from Surface- 


Mounted Device (SMD) technology. 


Australia: Artarmon, Tel. (02) 4393322. Austria: Wien, 
Tel. 629111. Belgium: Bruxelles, Tel. (02) 2427400. 
Brazil: Sao Paulo, Tel. (011) 211-2600. Denmark: 
Copenhagen, Tel. (01) 541133. Finland: Helsinki, Tel. 
17271. France: Paris, Tel. (1) 433 88000. Germany: 
Hamburg, Tel. (040) 3296-0. Greece: Athens, Tel. (1) 
9215311. Hong Kong: Kwai Chung, Tel. (0) - 245121. 


RCA is an alternate source for Philips HCMOS ICs. 


Electronic 
Components 
and materials 


PHILIPS 


jou look for asta ndard HCMOS 
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—7 : 


Ten years as European leader with the 
HE4000B family has taught us a thing or 
two. About quality. And about design. 
Our patented HCMOS input structure, 
for example, makes it possible for us to 
produce 74HC (CMOS input levels) or 
74HCT (TTL input levels) with a 

single mask change. So the whole type 
range is available in both versions. 


Need samples or data? Then call 


your local Philips organisation (see below). 


We're ready with full technical support 
and documentation. Plus a Designer’s 
Guide, set to become the standard for 


designing with HCMOS. 


Hcmes The name is Philips 


HiGH- SPECS LOaic The product is HCMOS 


India: Bombay, Tel. (22) 4930311. Ireland: Dublin, 


Tel. 693355. Italy: Milano, Tel. 2-6752.1. Japan: Tokyo, 
Tel. (03) 230-1521. Korea (Republic of): 
Seoul, Tel. (2) 794.5011. Netherlands: Eindhoven, 


Tel. (040) 793333. Norway: Oslo, Tel. 680200. Singapore: 
Singapore, Tel. 3502000. Spain: Barcelona, Tel. 3016312. 


Sweden: Stockholm, Tel. (08) 7821000. 


CIRCLE NO 59 


r for the one that sets the standard?’ 


At Philips, we know about CMOS. 


plier | 


Switzerland: Zurich, Tel. (01) 4882211. Taiwan: Taipei, 
Tel. (02) 7120500. United Kingdom: London, 

Tel. (01) 5806633. United States: Sunnyvale, 

Tel. (408) 991 2000. For countries not listed contact: 
Philips Electronic Components and Materials Division 
5600 MD Eindhoven, The Netherlands. : 
Tlx. 35000 PHTC/NL JEVHK. 


PHILIPS 


TECHNOLOGY UPDATE 


SCSI ICs simplify I/O-bus configurations, 
but options entail extra design effort 


Maury Wright, Regional Editor 


Computer users are increasingly de- 
manding the Small Computer Sys- 
tem Interface (SCSI) I/O bus in low- 
to mid-range applications, and as a 
result you may find you have no 
choice but to implement the inter- 
face in your designs. Specifically, 
you'll be faced with the task of 
building SCSI host adapters or em- 
bedding SCSI in your CPU boards. 
SCSI ICs simplify the design task, 
but SCSI host implementations em- 
ploy various options within the spec 
to fit diverse applications. To get 
the most out of SCSI, you'll want to 
implement some of these options, 
and doing so will entail some extra 
effort in hardware design and firm- 
ware writing. 

The attractiveness of SCSI lies in 
its flexibility and in the performance 
of the I/O bus. By using a standard 
interface, you can expand a system 
without adding dedicated controller 
boards and without changing your 
software a great deal. Further- 
more, the centralized control of an 
I/O bus can improve overall system 
speed. 

The virtues of SCSI are giving 
the interface a momentum that will 
compel many designers to consider 
it. According to Adaptec (Milpitas, 
CA) vice president of marketing Jeff 
Miller, a market-research survey 
commissioned by the company re- 
vealed that 60 to 80% of designers 
working on computer and peripher- 
al projects plan to use SCSI in their 
next designs. Peripheral and con- 
troller manufacturers plan to be 
ready for the SCSI boom. Joe Moli- 
na, president of Technology Forums 
Ltd (Pomona, CA), states that 
“within 18 to 24 months, 50% of the 
fixed-disk-drive shipments in 5%4-in. 


EDN September 18, 1986 


Serving as a key second source for NCR’s 5380, Advanced Micro Devices offers the Am5380 
SCSI controller in a 40-pin DIP and 44-pin LCC. 


or smaller form factors will [incor- 
porate] SCSI.” 

For simple low-end applications, 
you could implement SCSI with as 
few as six standard ICs—I/O ports, 
drivers, receivers, etc—and a con- 
trolling wP, which could be your 
host wP. On the other hand, prices 
of available SCSI ICs now render 
these application-specific devices 
competitive in simple applications, 
and a reduced component count can 
pay back the investment. At the 
other end of the spectrum, high-end 
applications that employ SCSI ICs 
will require a dedicated »P and sup- 
port circuitry, such as buffer memo- 


ry and DMA controllers. 

SCSI implementations in systems 
based on Multibus I or II, the VME 
Bus, or other system buses will typ- 
ically require a separate host-adapt- 
er board. In other cases, the design- 
er will have to implement SCSI 
directly on the host CPU board, 
whether the board is a single-board 
computer or a CPU board for a 
system bus. (See box, “SCSI and 
company,” for more information on 
SCSI architecture, SCSI competi- 
tors, and complementary stand- 
ards.) 

When your development time is 


precious, or when you're planning to 
Text continued on pg 100 
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SCSI and company 


Among the myriad standards related to computers 
and peripherals, SCSI is one of the most talked 
about, yet it’s often misunderstood. SCSI is an I/O 
bus, which is to be distinguished from other stand- 
ards that cover system buses or device interfaces. 
Fig A depicts the relationship between the three 
types of standards. 

Most designers have worked with commercial 
system buses and feel very comfortable with the 
concept. The concept of an I/O bus may also be 
clear, but the similarities and differences between 
I/O buses and device interfaces often requires clar- 
ification. Data sheets and trade magazines some- 
times discuss standards in the two categories as 
though they were competitors, and sometimes as 


_ though they were complements. 


SCSI can, in fact, operate with device interfaces 
or serve in place of them. SCSI provides a high- 
level interface between a host CPU and a comput- 
er peripheral, that is, the host communicates with 
the peripheral via high-level commands over a par- 
allel data bus (see Refs 3 and 4). Device interfaces 
operate the physical peripheral by means of analog 
signals that read or write data, position heads, etc. 

You can design a device interface to connect di- 
rectly to the system bus, eliminating the need for 
an I/O bus. In the IBM PC, for example, an ST- 
506/412-compatible controller resides directly in the 
system bus. The controller connects to an ST-506/ 
412 Winchester disk drive. In a PC application, 
this arrangement provides the most cost-effective 
interface to a disk drive. 

Some designs merit a system-bus-resident device 
interface. The dedicated device interface can ac- 
commodate a higher local operating speed. It also 
eliminates the high-level command overhead a 
SCSI-based configuration would incur. In addition, 
at the device level you have more control over how 
and where you write the data. You may even find 
that a dedicated device interface saves money. 

On the other hand, applications requiring multi- 
ple disks or higher performance may benefit from 
the added I/O bus layer. SCSI offers advantages in 
flexibility and system performance (Fig B). SCSI 
supports a 4M-byte/sec max (synchronous) data- 
transfer rate. You can connect many different pe- 
ripherals to a single I/O bus using SCSI, and these 
peripherals can communicate directly with one an- 
other. The SCSI disconnect/reconnect feature al- 
lows a peripheral to free the bus while processing 
a command. A target/initiator bus arrangement 
lets you connect multiple hosts in a peer-to-peer 
relationship. 

Evolving SCSI products will further reduce rea- 


Sons not to use an I/O bus. Typically, a host adapt- 


: er resides on a board in the system bus, but new 
_ ICs will shrink the host adapter, and in many cases 
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PERIPHERAL 
(DISK, TAPE, 
PRINTER, ETC) 


SYSTEM BUS /O BUS DEVICE-LEVEL 
MULTIBUS | INTERFACE 


MULTIBUS II 


IBM PC BUS 


Fig A—SCSI provides an intelligent link between a system bus 
and a peripheral. Typical SCSI-based systems include four 
blocks. Packaging options determine whether these blocks are 
physically distinct subsystems in the final configuration. For 
example, evolving system designs employ host SCSI interfaces 
embedded on the CPU board, and peripheral SCSI interfaces may 
be embedded in the drive. 


the adapter will actually be on the CPU board. The 
cost of implementing SCSI in the host will fall 
commensurately. 

Fig A lists a number of device interfaces that 
can operate with SCSI. Most of these interfaces 
can serve as disk interfaces. The ST-506/412 hard- 
disk interface dominates in low-end personal com- | 
puter applications. Use of an ST-506/412 interface 
requires a data separator on the controller board. 
The maximum data-transfer rate is 5M bps. This 
interface is the least expensive and crudest hard- 
disk interface. 

The Enhanced Small Device Interface (ESDI) 
supports higher levels of performance. The spec 
has gained widespread acceptance in the 5%-in. 
magnetic-disk market for applications other than 
personal computers. ESDI originally supported 
magnetic disks only, but it has been expanded to 
include tape drives and optical disk drives. ESDI 
places the data separator on the peripheral drive; 
using a serial data link, the controller passes to an — 
ESDI drive low-level commands that a drive-resi- 
dent microcontroller must interpret. _ _ 

KSDI specs a 10M-bps transfer rate; future ver- 
sions may be faster. The versions of ESDI for 
magnetic disks, tapes, and optical disks differ sub- 
stantially from one another, because of differences 
in the physical nature of the devices. The three 
versions of the interface have only the data-trans- 
fer rate and interpreted programmed commands in 
common. 

The Storage Module Device (SMD) interface is 
used in most 8-in. and larger disk drives, and it’s 
found on some 5%-in. products. SMD has begun to 
lose market share to ESDI on the low end, and 
eventually it will give way to the Intelligent Pe- 
ripheral Interface (IPI) or some other interface on 
the high end. Market researchers predict several 
more successful fae before SMD disappears, 
however. _ 
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Unlike ESDI, SMD employs a tag approach to” 
disk control. Predefined tag signals carry specific 
instructions to the SMD drive. The drive reacts to 
the tag present at the interface, instead of inter- 

-preting a command that’s transmitted serially. The 
tag approach does not, however, provide apprecia- 
bly higher performance than the interpreted-pro- 
grammed approach. SMD’s speed advantage over 
ESDI derives from the electronics used. 

The original SMD interface employed three tags 
and operated at 1.2M bytes/sec, or approximately 

10M bps. Through various revisions—ESMD (en- 
hanced), MSMD (modified), HSMD (high), and 
SMDE (extended)—the interface now employs 

three to six tags and supports data-transfer rates 
from 10M to 24M bps. 

System architects regularly employ SCSI with 
ESDI, SMD, and other device-level interfaces such 

as QIC-36, which is for %4-in. cartridge tape drives. 

- Indeed, the number of device-level interfaces 
seems countless and includes simple interfaces such 
as RS-232C and the Centronics parallel printer in- 
terface. All of these device interfaces have been 
implemented directly in system buses. 

SCSI developments threaten to change the na- 
ture of the device interface. In the traditional 


= ESDI 
— /| CONTROLLER 


“bridged controller” arrangement, the controller 
and drive functions are physically distinct subsys- 
tems: The drive itself houses a device-level inter- 
face such as ESDI. A separate controller board 
provides the SCSI/ESDI link and therefore the de- 
vice control function. The controller board is quite 
often mounted directly on the peripheral device 
and connects to the device via short cables. 

Some new drives are employing an embedded- 
SCSI approach. A single board carries SCSI and 
the physical drive interface. The first embedded 
offerings simply used increases in IC density to 
cram the two boards into one, preserving the inter- 
action between SCSI and the device interface— 
say, ESDI. Some drive designs now offer SCSI as 
the actual drive interface. Eventually, modems, 
printers, and the like will take advantage of this 
design approach. _ 

The embedded drives provide substantial cost 
savings over the bridged approach. Of course, 
bridged applications will probably never disappear 
completely. A bridged controller gives you more 
real estate with which to implement large caches 
and other functions. In addition, a single bridged 
controller can control multiple drives with device- 
level interfaces. 


ESDI 
WINCHESTERS 


== SMD SMD 
sg CONTROLLER WINCHESTERS 


SCSI BUS 


—/| CONTROLLER 


ae: PRINTER _ 
——, CONTROLLER 


QIC-24 
CARTRIDGE 
TAPE DRIVE 
.  8-IN. 51%-IN. 
FLOPPY 


FLOPPY 
LASER 
PRINTER 
ETHERNET 


Fig B—SCSI applications range from single-host/single-peripheral configurations to the complex multiple-host system depicted 


here. Of course, you must structure SCSI—that 1s, write the firmware for the options you need—in a manner that fits your target — 


| application = | 
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design a simple product in low vol- 
ume, you may find it preferable to 
buy an off-the-shelf SCSI host 
adapter. (An upcoming article will 
examine host-adapter offerings 
from various companies.) The ver- 
satility of SCSI, however, may en- 
courage you to customize a design 
by adding DMA capability and extra 
memory or by implementing SCSI 
options as you see fit. 

In its simplest form, SCSI con- 
nects a single host CPU to a single 
peripheral device. In its most com- 
plex form, SCSI can connect as 
many as eight devices, including 
multiple hosts, in a daisy-chained 
fashion. At this level, a target/initi- 
ator arbitration scheme establishes 
a peer-to-peer relationship between 
bus members. 

Ideally, SCSI provides plug com- 
patibility for peripherals in the com- 
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Upward compatibility smooths the transition Strom NCR’s older 5385E to the 5386 


_ DIAGNOSTIC STATUS 
INTERRUPT REGISTER 
AUXILIARY STATUS REGISTER 
DESTINATION ID REGISTER 
_ CONTROLREGISTER 
COMMAND REGISTER © 


puter I/O interface. The standard 
defines the physical interface and 
the appropriate high-level com- 
mands. The options in the spec, 
however, result in many different 
types of SCSI implementations, and 
you may find that the SCSI label 
applies to two different components 
that do not “plug and play”—that is, 
that won’t work together without 
some extra design effort. 

Take the spec’s arbitration capa- 
bility as an example. A single-host/ 
single-peripheral application needs 
no arbitration; the SCSI spec de- 
fines an abbreviated bus cycle that 
bypasses arbitration. A single-host/ 
multiple-peripheral application can 
also operate with no arbitration. 
SCSI implementations without arbi- 
tration become essentially master/ 
slave systems. (A simple SCSI in- 
terface for such an application is 


_ STATE- 
MACHINE 
CONTROL — 


~ REQ/ACK 
LOGIC 


ROM 
SEQUENCER 
CONTROL 


DATAREGISIERS is 
TRANSFER COUNTER © 


function, and you can even incorporate synchronous operation (the 5386S). 
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SOURCE ID REGISTER > 
___JDREGISTER ~~ 
_ SELECT/RESELECT | 
ARBITRATION 


described in Refs 1 and 2.) If you do 
choose to implement arbitration, 
however, and you intend to add a 
peripheral at a later time, you must 
be careful to ensure that that 
“SCSI” peripheral does indeed offer 
the arbitration capability; other- 
wise, it won’t work in your system. 


Firmware controls protocol 


To design a host adapter for a 
simple SCSI application, consider 
using the NCR 5380 IC, or Ad- 
vanced Micro Devices’ Am5380 (a 
second-source product). The 5380 
employs a register-oriented archi- 
tecture and includes SCSI-compati- 
ble driver/receiver pairs for single- 
ended operation. (When your 


system is using single-ended driver/ 
receiver pairs, the total cable length 
for the I/O bus is limited to 6m.) A 
separate wP directly samples or 


common | SESIDATABUS SC 


(illustrated here). The less-expensive 5386 adds a parity 
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to ) get our project back on | personnel isnt a problem. | store The TwinPac 
schedule. Now I can revise, update, _ sensitive data on my TwinPac car- “Remc vable cartridg 
back up and duplicate my project _tridge and lock it up. U nclassified 1 y data handl ig n 
database — all with the TwinPac. — files on other cartridges are still a Tw t 
for team engineers to use. 


_ The TwinPac is flexible. My . 
project team is scattered around Backup has never been faster. 
the country and they depend on Thirty minutes to back up 20MB c 
timely updates. Our work is data tape wasnt unusual before. Now I 


intensive, too.And we use up storage can doa disk-to-disk backup in 2 to 3 
fast. With the TwinPac, sending out — minutes. And the TwinPac’s random > 
duplicate data to the team is simple. access feature lets me retrieve single 
A 20MB cartridge handles individual _ files without first restoring the aaa : 
databases easily. on hard disk. 


_ Now [ have unlimited storage. _ Finally,aBernoulliformyHP | : 
When Irun out of disk space,I reach computer. I'd heard about Bemoulli Innovati fe 1 ASS § . 
for another 20MB cartridge,not for disk drives forIBMPCs.Itdoesnt Hewle rds 


_ another purchase req for more — surprise me that Bering is first in 
_ expensive hard disks. The TwinPac _ bringing a proven technology to the | 
gives me primary and backup HP world. I've depended on Bering - 


orage i in one compact system. for five years to bring me the best and 


: the latest in HP mass storage—and _ 
: lassified data handling is easy. they ve done itagain with the TwinPac. 
Part of our project work is classified. : 


_ Keepin ing that data from unauthorized 


Note: ‘TwinPac and UniPac are eadenons of Bering Industries, Inc. Bernoulli is a as icadenane of IOMEGA Corporation. 
CS/80, and Si 80 are e tradenames a Hewlett-Packard Company. IBM PCi is a tradename of IBM. ©Bering Industries Inc. 1986, 
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Separate data I/O buses and synchronous/asynchronous operation render the Fujitsu 
MB87030 SCSI IC powerful enough to serve in high-end applications and flexible enough to 
operate in single-ended and differential configurations. 


Fabricated with a low-power bipolar process, Ferranti’s ZN1011Q SCSI IC consumes 140 


| 


O 


ill ) 


mA of supply current and includes bus driver/receiver pairs. 
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controls the SCSI bus signals. The 
controlling wP contains the firm- 
ware required to drive the bus in a 
SCSI-compatible fashion. The 
NMOS 5880 costs $10 to $15 (1000), 
depending on packaging. You can 
choose ceramic or plastic DIPs or 
PLCCs. 

The SCSI spec defines asynchro- 
nous communication at a maximum 
rate of 1.5M bytes/sec. Most pres- 
ent SCSI applications employ asyn- 
chronous protocols and single-ended 
transceivers. The 5380 is limited to 
an asynchronous protocol with sin- 
gle-ended transceivers. NCR also 
offers the $15 (1000) 5381, an asyn- 
chronous-only part that includes the 
control circuitry required to handle 
external differential transceivers. 
Use of differential transceivers al- 
lows you to extend cable lengths to 
20m. 


IC suits minimal design 


In low-performance applications, 
the controlling »pP communicates 
with the 5380 in a programmed-I/O 
mode. When operating in a pro- 
grammed-I/O mode, a SCSI-based 
System typically achieves data- 
transfer rates well under 1M byte/ 
sec. Yet even single-host/single-tar- 
get applications may require a high- 
er data-transfer rate. The 5380 will 
operate with commercial DMA con- 
trollers to improve performance. 

Because of its register-oriented 
operation, however, the 5380 will 
not reach the 1.5M-byte/sec max 
rate, even if you employ DMA. NCR 
offers a CMOS version, the 53C80, 
that will exceed the 1.5M-byte/sec 
speed. In a plastic DIP, the 53C80 
costs $18.65 (1000). 

NCR played a key role through- 
out the SCSI specification process. 
The company’s 5385 was the first 
SCSI IC, and NCR continually re- 
vised the chip to keep up with the 
specification. The introduction of 
the 5380 marked a change in ap- 
proach; because the appropriate 
firmware resides in the controlling 
wP, the IC adapts easily to changes 
in the spec. 
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Dont miss the SCSI bus. 


wk line of compatible SCSI data 
storage products will help you drive your 
system to its full performance potential. 


If you want cartridge tape drives, 54-inch, 
8-inch, and 10 42-inch Winchester drives — 
or any combination thereof — on your 
SCSI bus, you'll never miss with Fujitsu 
America. 

Our SCSI storage systems and products 
can keep up with the most sophisticated 
multi-host, multi-tasking SCSI-based system 
you can design. You can take full advantage 
of the extended performance features of 
SCSI — with products that set performance 
standards of their own. 

Our M1053 Series Intelligent Disk 
Controller (IDC) can be configured with up 
to four drives on a single node, for a storage 
capacity that can exceed 2.7 Gigabytes. 
Choose our 8-inch, 337 MB drives or our 
10'2-inch Eagle XP 689 MB drives. The 
M1053 offers either single-ended or 
differential drivers and common command 
set support for easy integration into any 
SCSI environment. 

For 54-inch drives, there's the M1054 
IDC. With up to four Fujitsu 172 MB, 5'4-inch 
drives on this controller, you can get large 
capacity and high performance in a 
compact package. 

And Fujitsu's SCSI family even meets 
your need for cost-effective back-up devices. 
Our 125 MB, \-inch cartridge tape drive 
provides a unique solution to your SCSI tape 
requirements. 

If you'd like to put your SCSI system 
into high gear — stop! And find out more 
about Fujitsu's compatible data storage 
products. Call (408) 946-8777. Or write 
Fujitsu America, Inc., Storage Products 
Division, 3055 Orchard Drive, San Jose, CA 
95134-2017. 

Put Fujitsu drives on your SCSI bus. 

And give superior system performance the 
green light. 


WE RE DEVELOPING TECHNOLOGY FOR YOU. 


: 
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The 5380 can support complex 
SCSI systems, but if your applica- 
tion requires high performance, 
other SCSI ICs may better suit your 
needs. High-performance SCSI ap- 
plications include single-host/multi- 
ple-peripheral systems, for which 
arbitration is an option, and multi- 
ple-host/multiple-peripheral appli- 
cations, for which arbitration is 
mandatory. In a simple, nonarbi- 
trating system, only the host can act 
as an initiator for bus operations, 
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By incorporating a microcontroller in the WD33C 92/3 SCSI IC, Western Digital was able to 


UINTERNALDATABUS 


and the peripherals are all targets. 
When your system employs arbitra- 


tion, all devices can act as initiators 


or targets. 


Arbitration smooths operation 


Arbitration provides such advan- 
tages as disk backup with no host 
intervention. For example, a host 
could command a disk drive to use a 
tape drive as a backup. The host 
would then disconnect from the bus, 
and the disk would become an initia- 


include high-level combinational commands in microcode. 


ors more jnformatil i 


For more information on the SCSI ICs discuseed | in thia article: CO: act the 


a Informs a cee card. 


cturers directly or circle the este numbers r 


tor to control the backup operation. 
The host is free to pursue other 
activities during the backup pro- 
cess. 

If you’re going to use such a back- 
up operation, you’re going to-have 
to exploit SCSI’s disconnect/recon- 
nect capabilities. The disconnect 
function allows the host or a periph- 
eral to free the bus while processing 
a command or request. 

Consider, for example, the situa- 
tion in which a host is asking a disk 
drive for a block of data. The host, 
acting as an initiator, contends for 
the bus and requests the data from 
the disk drive, which is the target. 
The host and disk drive then discon- 
nect from the bus. While the disk 
drive retrieves the data, the host 
may use the bus for another pur- 
pose, or another device may use the 
bus. When the disk drive completes 
the operation, it reconnects to the 
bus and transfers the retrieved data 
to the host. 


Incompatibility led to CCS 


Any number of SCSI options may 
be desirable for high-performance 
applications. To combat the incom- 
patibility that can arise from differ- 
ent implementations of the spec, the 
SCSI committee devised the Com- 
mon Command Set (CCS). The CCS 
defines a subset of SCSI that makes 
provisions for such options as arbi- 
tration and disconnect/reconnect. 
Products adhering to the CCS will 
be plug compatible. 

Disk-drive and controller manu- 
facturers will adhere to the CCS 
simply to ensure that their products 


remain viable in as many markets as 
possible. At present, the CCS only 
covers magnetic fixed disks. ANSI 
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committee X3T9.2 has not yet fina- 
lized the CCS, but it should be in- 
cluded in the next update of the 
SCSI spec. The CCS will not affect 
the hardware interface, but it will 
affect your overall host-adapter de- 
sign; the controlling firmware must 
abide by the CCS definition in order 
to operate with CCS drives. 

Many other factors affect your 
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Now there’ a 96MB drive 
with somethin u 


If you’re putting together multiuser or other high-end 
systems, Seagate has the manufacturing experience 
to deliver dependable, high-capacity 5%" drives— 
whether you need 10 or 10,000. 

Through precision production, our ST4096 hard disc 
drive provides 80MB of formatted capacity and stands 
up to rugged industrial environments as well as data- 
intensive office use. 

For frequent and rapid data retrieval, the ST4096 has 
28 ms average access time and 78,336 bytes per cylinder. 
Integration is handled through a standard ST412 inter- 
face, and a linear voice coil actuator ensures precise 
recording performance. 

Each drive is built with the same skill and reliability 
that have made Seagate the world’s leading supplier of 
5/4" hard disc drives. People who demand performance 
have bought more than 3 million of our drives for small 
computer applications. 

If you want Seagate quality in a high-capacity drive, 
call Hamilton/Avnet at 1-800-4-HAMILTON. Or call 
Seagate at 800-468-DISC. In California, 800-468-DISK. 


SS Seagal 
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host-adapter architecture and 
choice of SCSI chip as well. For 
example, the CCS does not specify 
an asynchronous or a synchronous 
protocol; you make the choice. A 
synchronous protocol extends the 
SCSI data-transfer rate to 4M 
bytes/sec, although few if any manu- 
facturers presently offer drives that 
are that fast. 

Now that the SCSI spec has 
achieved a certain measure of stabil- 
ity, several other companies have 
introduced SCSI ICs. Most of the 
new parts provide the kind of capa- 
bilities a high-performance applica- 
tion would require, but some fea- 
ture prices low enough for simple 
applications. In fact, any of the ICs 
can be used in a simple pro- 
grammed-I/O application. 

These SCSI ICs contain:a fairly 
standard set of features. Digital de- 
signers will have no problem imple- 


On the horizon: IPI 


menting SCSI hardware. The ICs 
interface to a uP via address and 
data bits. In addition, the ICs typi- 
cally include state machines to im- 
plement the SCSI protocol. The de- 


sign of the host adapter, which 
‘includes writing the firmware for 


the basic spec and the options de- 
sired, is a more difficult problem. 

NCR’s most recent members of 
the 5385 family are intended for 
high-performance applications. The 
company offers the older 5385E and 
the more recent, upwardly compati- 
ble 5886 and 5386S. Unlike the 5380, 
each member of the 5385 family 
strictly adheres to the SCSI hard- 
ware spec and incorporates the ap- 
propriate state-machine design for 
the SCSI protocol, so you can’t use 
them with a different protocol. 

The ICs require external trans- 
ceivers to effect the SCSI bus inter- 
face. You use external ICs to imple- 


Today’s SCSI specification serves - well in ie es ee | 
cations. For the future, the peripheral industry has considered wid- _ 
ening the data bus to 16 bits, or finding some other means to 

increase the data-transfer rate, or both. Either option is a possibili- 
ty, but for truly high-performance applications, you might set aside 
SCSI and consider the Intelligent Peripheral Interface (IPI). __ 

The IPI spec consists of three sections. IPI-1 specifies the physi- | 
cal communication medium as a 16-bit parallel data bus operating at — 
5 MHz max. The parallel data path extends from the host to the 
device-level interface. All the other device-level standards described 
in this article employ a serial data path at the device. The 16-bit __ 
path and 5-MHz operation result in a 10M-byte/sec data-transfer- a 
rate. The IPI committee is also considering — data pene at in 


blocks of 16 bits. 


IPI-2 defines device-level commands, and IPI-1 is implicit in 
IPI-2. Finally, IPI-3 provides the 1/0-bus function. IPI-3 employs a 
master/slave approach to bus management, but it still fulfills re- 
quirements for handling multiple hosts. 

Companies have begun to ship IPI disk products, and other types 
of peripherals should follow. In particular, recent IBM announce- 
ments should solidify the acceptance of IPI for high-performance 
applications. According to several authorities, SCSI and IPI will _ 
dominate I/O systems for some time. Embedded SCSI or IPI could © 

_ even eliminate the need for device-level interfaces entirely. Dal  __ 
Allan, president of the Saratoga, CA, consulting company ENDL — 
Ine, states that “by 1991 all disk drives will exceed 3M bytes/sec 
: and ereore will either be embedded SCSI or gee 
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Get your dedicated system to market months 
sooner with the PC Bus or PC-AT Bus. The full 
board-level, passive backplane implementation by 
I-Bus lets you plug together system components 
from hundreds of PC Bus manufacturers, and 
directly execute software developed on and for 
the IBM’* PC and PC-AT. 

I-Bus has 4 CPU cards with up to 256K of on- 
board EPROM space for dedicated applications, 
and with PROMDISK, you don’t even need to 
produce ROMable code. We have the most com- 
plete line of system packaging for the PC/PC-AT 
Bus, too. All you add are your favorite PC expan- 
sion cards for your application. 


If you’re into systems, I-Bus speaks your 
language. 


Call TOLL FREE: 
(800) 382-4229 In Calif. (619) 569-0646 


L5Us 


The Full Service PC Bus Company 


9235 Chesapeake Dr., San Diego, CA 92123 
(619) 569-0646 Telex: 910 240 0290 
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ment a DMA or buffer-controller 
interface. The 5386 adds a parity 
function to the set of capabilities 
available in the 53885E, and it will 
eventually replace the older part. 
The 5386 operates in asynchronous 
mode and transfers data at speeds 
to 2M bytes/sec. The 5886S provides 
synchronous operation at speeds to 
3.3M bytes/sec. The 5385E costs 
$23.10, the 5386 $15.05, and the 
5886S $16.55 (1000). 


Ground pins stabilize IC 


Ferranti offers the ZN1011Q 
SCSI chip with transceivers on 
board. The IC also provides a sepa- 
rate ground pin for each of the 18 
SCSI signals. Ferranti uses a low- 
power bipolar process to fabricate 
the IC, and the single-5V part typi- 
cally consumes 140 mA of supply 
current. When you add external 
DMA circuitry, the IC transfers 
data at a 1.5M-byte/sec rate. 

The DMA capability can be a key 
selection criterion for a SCSI chip. 
Fortunately, all the ICs described 
allow you to add DMA. Scientific 
Micro Systems has gone a step fur- 
ther and placed DMA circuitry on 
chip, a feature that eliminates the 
need for a lot of external circuitry. 
The company’s OMTI 5080 includes 
a separate 8-bit port used to connect 
to DMA memory. The 5080 also 


‘includes bus transceivers and six 


ground pins. The device is man- 
ufacturerd in CMOS and sells for 
$10 (10,000). 

Fujitsu also offers an 8-bit DMA 
port on its SCSI chip. The MB87030 
is the most complex SCSI chip cur- 
rently available. The device has sep- 
arate input and output lines to the 
SCSI interface. The chip does re- 
quire external transceivers, but the 
separate I/O eases the chip’s inte- 
gration into both single-ended and 
differential configurations. 

The MB87030 comes in an 88-pin 
grid array and costs $35 (1000). The 
CMOS IC operates at 2M bytes/sec 
in an asynchronous mode, or at 4M 
bytes/sec in a synchronous mode. 


| Western Digital’s WD383C92 and 


WD338C93 also provide asynchro- 
nous 2M-byte/see and synchronous 
4M-byte/sec operation on one chip. 
The two chips operate identically, 
except that the WD33C93 includes 
single-ended transceivers on chip, 
while the WD83C92 provides addi- 
tional control signals to handle ex- 
ternal transceivers. The WD383C92 
costs $15, and the WD33C93 costs 
$16.50 (1000). 

The Western Digital ICs can 
transfer data in burst mode, and the 
chips include direct buffer address- 
ing. An on-chip microcontroller exe- 
cutes commands. Western Digital 
calls these commands “high-level 
combinational commands.” The 
commands take the place of firm- 
ware that would run on a controlling 
wP if your system were using differ- 
ent SCSI ICs. 

You can use all of the chips de- 
scribed in this article on the periph- 
eral side of the SCSI bus. Most 
designers, for now, will buy a pe- 
ripheral controller, but for those 
who haven’t done so, the applica- 
tion-specific SCSI ICs have eased 
the controller design task. In fact, 
the SCSI-IC manufacturers men- 
tioned and other companies, includ- 
ing Adaptec, ASDI (Pomona, CA), 
and Emulex (Costa Mesa, CA), offer 
specialized SCSI ICs for peripheral 
controllers. EDN 
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ROCKWELL 
SEMICONDUCTOR TECHNOLOGY 
VERS HIGH-SPEED DUAL 
ACTA IN A SINGLE CHIP 


Transmit and receive data simultaneously 
at different rates with one device. 
Introducing Rockwell Internationals 
R65C52—the newest member of our high- 
speed, low-power CMOS family. 
| mt aad Operating at only 10 mW per MHz, the 
il rT [ | ee eee 
z | Interface Adapter (DACIA) features an internal 
baud rate generator. It eliminates the need 
for multiple component support circuits and 
requires only asingle crystal. 
The transmitter and receiver baud rate 
can be selected for 15 different rates under 
program control from 50 to 38400 baud 
or 1/16 times the external clock rate. And, 
Rockwell's DACIA is programmable for word 
lengths of 5, 6, 7 or 8 bits; even, odd, or no 
parity; and 1 or2 stop bits. In addition, the 
device has all the controls needed for data set 
modem operation. 
More transmission per time period 
cuts costs. 
By delivering data faster through dual 
_ asynchronous communication, line costs are 
reduced. Additional savings in components 
are realized by Rockwell’ single-chip DACIA 
that requires less board space, provides 
higher reliability and affords greater design 
flexibility 
For more information on the R65C52 
call your Rockwell distributor or sales 
representative today. 
Semiconductor Products 
Division 
Rockwell International, PO. Box C, M.S. 501-300, 


Newport Beach, CA 92658-8902 (800) 854-8099. 
In California (800) 422-4230, 
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..where science gets down to business 
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Other ASIC companies brag 
about how many gates they can 
pack into an array. Or how much 
logic they can cram on a PLD. 

They think it's a big deal if 
they can shrink 3 boards down 
to 3 chips. 

Lets get serious. 


VLSI nails the competition 
to the wall. 


Our tools let you build a chip 


so far ahead of anybody else's 
they wont know what hit them. 
A single chip with logic, mem- 
ory, processors, and peripherals. 
And you'll do it faster than 
you ever thought possible. 


Wang, Iandy, and over seventy 


other leading companies have 
already used our tools to build 


hundreds of chips. 
Everything from gate arrays to 


megacells to compiled silicon. 

NCUBE developed a chip 
with over 160,000 transistors that 
requires no glue logic because the 
processor, communication logic, 
and all interface logic are integrate 
on one chip. 


What good is a tool set 
without nuts and bolts? 


Our cell libraries are compati- 
ble since they're produced in the 
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VAX and. MicroVAX are trademarks of Digital Equipment Corporation. Tandy is a registered trademark of Tandy Corporation. 


same 24 CMOS. So you can 
even combine standard cells, 
megacells, and compiled cells on 
a single chip. 

You can expect chips designed 
with our tools to work the first 
time in your system. 

You can use them with Apollo, 


DEC VAX™ and MicroVAX"" 


Elxsi, HP 9000 Series 300, Mentor, 


Ridge, Sun, you name it. 
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Call VLSI at 800-262-4488. 
(In California, call 800-262-4488, 
Dept. 701.) Or write to us at 1109 
McKay Drive, San Jose, CA 95131. 

And start hammering away at 
your competition. 


And whether you buy them, 
lease them, or use them at our 
design centers, our ASIC team 
will support you all the way. 

If you want the right ASIC 
solution to your problem, talk to 
the only place that has them all: 
Tools. Programmable logic. Gate 
arrays. Standard cells. Megacells. 
Compiled silicon. And a com- 
plete fabrication facility. 


J VLSI TECHNOLOGY, INC. 
NOT JUST YOUR BASIC ASIC. 
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: THE ONLY OTHER 
~ TOOLTHAT COMBINES 
LOGIC, MEMORY, 
PROCESSORS, 
AND PERIPHERALS. 
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How long would it take you and your staff 
to solve this problem? 


dY 
dt + VY +B140UY+?+24+1=—0 


subject to the condition that Y(1) = 1. 


The first complete AI program 
for applied mathematics. 


MACSYMA™ is the world’s 
first commercially available 
software capable of handling most 
applied mathematical problems. 
Originally developed at MIT 
through research in Artificial Intel- 
ligence, MACSYMA has been 
continuously developed and 
enhanced since 1969. Now you can 
put MACSYMA to work on any of 
a growing list of workstations and 
mainframes. 


MACSY MA saves you time 
and money. 


MACSY MA saves you time. 
More time than you can count. 
Which adds up to more dollars than 
you can imagine. Without previous 
programming experience you can 
interact with it in an almost conver- 
sational way while you use it to 
explore scientific problems. Prob- 
lems that you couldn’t even begin to 


approach using just a pencil, chalk 
or ordinary numerical software. 


Hundreds and hundreds 
of real-world applications. 


MACSY MA is a total mathe- 
matical programming environment 
that gives you problem-solving 
power of virtually unlimited pro- 
portions. Here are just a few of the 
applications it can perform. For you. 


* Do algebra, trigonometry and 
calculus 


¢ Provide standard numerical 
techniques 


* Generate FORTRAN output from 
MACSYMA expressions 


¢ Simplify, factor or expand 
expressions 


* Solve equations analytically or 
numerically 


* Expand functions in Taylor or 
Laurent series 


¢ Compute Fourier and Laplace 
transforms 


¢ Manipulate matrices and tensors 


¢ Plot functions in 2 and 3 
dimensions 


¢ And many, many more 


Throughout the world, thou- 
sands of scientists, engineers 
and mathematicians are using 
MACSYMA in such diversified 
applications as electronics, struc- 
tural engineering, CAD, acoustics, 
plasma physics, antenna theory, 
VLSI circuit design, control theory, 
numerical analysis, fluid mechanics, 
genetic studies, ship hull design, 
maximum likelihood estimation, 
ballistic missile defense systems 
design, underwater shock wave 
analysis, helicopter blade motion 
studies, and atomic scattering cross 
section analysis. And the range of 
use is expanding every day. 
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(C2) DIFF(Y,T)+¥* 2+(2*T+1)*¥+T* 24+T7+1; 


2 2 
(D2) wey +(QT+1)Y¥4T 4741 
(C3) SOLN:ODE(%,Y,T); ; 
_ V4 THE -T-1 
%C%E! —1 
(C4) SUBST([T = 1,Y = 1], %); 
(04) 1. _ EE - 2 

%E %C — 1 
(C5) SOLVE(%,%C), NUMER; 
(D5) [%C = 0.5518192] 


(C6) SPECIFIC__ SOLN:SUBST(%, SOLN); 
_0.5518192T%E -T-1 


T 
0.5518192%E -1 


(C7) 


(D6) Y = 


In symbolic form. 


T 
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0.5518192T 


T 
0.5518192 %E -1 


In graphics. 


Put MACSYMA’s 
Artificial Intelligence to work 
for you. 


1-800-MACSYMA 


In Mass., Alaska & Hawaii only 
call (617) 577-7500. 


MACSYMA’ 


The most comprehensive 
software approach to symbolic 
mathematical computations. 


symbolics” 


Your next step in computing." 


MACSYMA and SYMBOLICS are trademarks of 
Symbolics, Inc. Copyright 1986 Symbolics, Inc. 


If it is still taking you weeks 
or months to handle rudimentary 
algebraic problems and extremely 
complex analyses or to generate 
FORTRAN code out of symbolic 
expressions, then make it your busi- 
ness to find out about MACSYMA 
mathematical software. It is avail- 
able right now from Symbolics, Inc., 
the leader in symbolic processing. 
For a literature kit including a full 
capabilities brochure, just clip and 
mail the coupon or call toll-free. 
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MACSYMA gives you the answers. 


FORTRAN(%)$ 


Y = —(0.5518192*T*EXP(T) — T— 1) 
/(0.5518192*EXP(T) — 1) 


In FORTRAN code. 


In seconds. 


Symbolics, Inc. Dept. M-ED3 


11 Cambridge Center 

Cambridge, MA 02142 } 
Name 
Title i 
Company i 
Address E 
City State Zip 
Telephone Extension i 
MACSYMaA is available to colleges and 


universities at special rates. EDN91886 
ee 
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CAD system gets us off to a fast start. And from 
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+O Fs a CB design there, we go out of our way to make sure you get 

your prototype in a hurry — no matter where you are. 

o Forest Grove. 


When it comes to PCB designs, it’s smartto be 
_ dense. And we have the technology to prove it. 

If you're working with high circuit densities, you So send your most sophisticated design to Forest 

need the exceptional prototype capabilities of our + Grove today. When you see your prototype 

new Forest Grove, Oregon plant. We specialize in tomorrow, you'll Know it was well worth the trip. 

dense multi-layer and surface mount PCBs, using _—_ Call 1-800-222-2600 ext. 216 inthe U.S., or 

technologies refined and perfected by ourown _ 1-800-338-8800 _ | | 

engineers. ext, 216 in 
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Professional wire-wrapping services 
ease prototype-circuit assembly tasks 


Tom Ormond, Senior Editor 


Despite the emergence of a variety 
of alternatives, wire wrapping con- 
tinues to enjoy significant populari- 
ty, particularly for assembling pro- 
totype circuits. Companies that can 
prepare wire-wrapped boards based 
on your circuit designs are making 
the technique increasingly easy to 
use. These companies accept inputs 
in a number of formats, and they 
deliver not only the wrapped boards 
but also documentation packages 
that aid troubleshooting and circuit 
revision. 

Wire wrapping has overcome 
some drawbacks often attributed to 
it and continues to offer its tradi- 
tional advantages. Today, wire- 
wrapped panels can accommodate 
logic families like ECL and high- 
speed Schottky (see box, “Panel se- 
lection is critical,” pg 118), even 
though wire wrapping has often 
been considered suitable only for 
low-speed circuits. Moreover, wire- 
wrapped boards can achieve impres- 
sive densities—you can readily im- 
plement wire-wrapped circuits 
whose complexity would require an 
8- to 10-layer pc board. 

Among its traditional advantages 
are flexibility. It’s easy to repair or 
modify wire-wrapped boards. More- 
over, if you choose to make the 
investment in equipment, you can 
do the wire wrapping in house. You 
don’t have such options with all the 
competing board-assembly techno- 
logies (see box, “Some assembly 
alternatives,” pg 116). 

But despite the ability to do wire 


for solderless wrapped electrical 
connections. And, all of the service 
houses use computer-controlled ma- 
chines to do the wrapping, so you 
know that the finished product is, in 
fact, wrapped according to specifi- 
cation. 

A professional wire-wrapping 
service can also be more cost effec- 
tive than in-house wrapping—espe- 
cially for a complex circuit design. 
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Most in-house wire-wrapping facili- 
ties will not have the equipment 
that’s typically available at a profes- 
sional wire-wrapping service house. 

In-house equipment may, in fact, 
be nothing more than a manual 
wrapping tool in the hands of a 
technician who does the wrapping 
on rare occasions. Under such cir- 
cumstances, the chances of wiring 
errors are quite high. When you get 
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Using modern wire-wrapping techniques, a company can readily implement a circuit board 
that incorporates high-speed microprocessors—even ones packaged in dense pin-grid arrays 
(top). For such high-density circuits, Hybricon’s Socket-Sert custom pinning reduces pin 
congestion. The detail of the board’s wiring side (lower left) shows how custom pinning can 
optimize the line impedance of signal wires; the lower right photo illustrates the use of JW-02 
insulated jumpers and W-02 grounding washers to achieve low-impedance bypass connec- 
tions. (Photography courtesy Hybricon, microprocessor devices courtesy Motorola) 


wrapping in house, you'll find many 
benefits to employing a wire-wrap- 
ping service. At the top of the list is 
reliability. Garry and Methode, for 
example, do all their wire wrapping 
in accordance with MIL-STD-1130B 
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Some assembly alternatives 


Wire wrapping isn’t the only choice you have when 
it comes to prototype assembly. Other options in- 
clude such technologies as Multiwire, Unilayer II, 
Stitch-Wire, and Speedwire. 

Kollmorgen Corp’s Multiwire boards each fea- 
ture a customized pattern of insulated wires laid 
down according to programmed instructions on an 
adhesive coated substrate by a high-speed numeri- 
cally controlled machine. The wires’ insulation 
makes it possible to cross them without creating 
shorts; moreover, the wires can reach interior 
board layers without requiring vias. 

Fabrication of a Multiwire board begins with 
standard copper-clad FR-4 base material. Next, 
the copper-clad base laminate is imaged and 
etched in accordance with a format drawing sup- 
plied by the customer. If required, gold plating is 
then applied to appropriate edge-card contacts. 

Adhesive material is then applied to the board to 
insulate the power and ground planes and to serve 
as a foundation for the permanent interconnections. 
No adhesive is applied to card-edge contact regions 
and card-guide edges of the board. Computer-driv- 
en wiring machines then locate the insulated wires 
in a predetermined and repeatable pattern in ac- 
cordance with the customer’s net list. 

Each wire begins and ends at a hole location. 
The wires are pressed into the adhesive and encap- 
sulated by a cover layer of epoxy glass that locks 
every wire securely in place. Holes are then drilled 
at each plated-through-hole location—these holes 
provide a junction point for each wire and a mount- 
ing medium for discrete components. The board is 
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a panel wrapped by a service’s auto- 
mated equipment, you needn’t 
check out the wiring—you can im- 
mediately start to test and debug 
the logic design. 

Wire-wrapping services can ac- 
cept customers’ input data in a vari- | 
ety of formats. Companies like As- 
sembly Specialists, Augat, Datacon, 
and Hybricon can work from either 
manually prepared or computer- 


High-density interconnection capability is 
a key feature of Garry Electronic’s recently 
developed wire-wrapping system. The system 
accommodates wire-wrapped connections on 
0.05-in. centers and increases I/O to as many 
as 50 connections per 0.06 in* of board 


sur face. 


then chemically cleaned, and insulation is removed 
from the wire ends. 

The feed-through holes are then copper-plated— 
a process that connects each wire (both mechani- 
cally and electrically) to the walls of the hole. This 
connection exceeds military bond-strength stand- 
ards, so it accommodates multiple soldering/desol- 
dering operations without any damage to the hole 
barrel or interconnection. To provide 100% open 
and short testing, each Multiwire board is electri- 
cally tested on a bed-of-nails tester. 

Unilayer IT is a high-density, discrete wiring 
technology from Augat that converts logic designs 
directly into production hardware. With Unilayer 
II, you can get new circuit designs into production 
in three to six weeeks without sacrificing packag- 
ing density or system performance. 

Unilayer II starts with a board module that fea- 
tures a high-density, plated-through-hole pattern 
on a 0.1X0.15-in. grid. Voltage and ground planes 
are individually plated and etched on each surface 
of a double-sided board module. Etched traces con- 
nect all I/O configurations to the outer edge of the 
standard hole pattern. 

The Unilayer II wiring system uses discrete, 
high-density wiring layers, fabricated by a process 
that produces simulated point-to-point wiring con- 
figurations to minimize circuit run lengths, reduce 
coupling noise, and increase data transfer speed. 
Each wiring layer is constructed with insulated 
#38 AWG copper wire, allowing signal runs to 
cross over for maximum wiring density. A wiring 
layer is bonded to each board surface using a ther- 
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based inputs. 

Consider, for instance, Augat’s 
capability. Augat can use most cus- 
tomer-generated wire-list formats 
as input. Although the signal-pin 
and “from/to” formats are the most 
common, Augat can accept others as 
well. Software optimizes the wiring 
path for most types of input. You 
must let Augat know if you want 
wires connected in a certain se- 
quence or on a certain Z level before 
the wire-wrapping programming 
phase starts. The wire list must also 
clearly identify twisted pairs and 
different wire-gauge and insulation- 
color needs. 

Augat’s data-entry personnel can 


-mosetting adhesive, producing the appropriate cus- 


tom wiring pattern. 


_ An automated soldering process joins each wire - 
connecting point to a solder-coated area that’s elec- 
trically common to the plated-through hole. The 
typical interconnection density of a Unilayer II 
board is equivalent to conventional multilayer de- 
signs containing six or more layers. But Unilayer 
II is more flexible than multilayer designs. Compu- 
terized tooling, combined with surface-accessible 
wiring and the fact that you can plug the compo- 
nents in, simplifies the task of making circuit and 


logic changes. 


Augat also offers Stitch-Wire, a technique for 
making welded interconnections to stainless-steel 


also capture wiring information di- 
rectly from schematic drawings. 
Simply prepare and submit the 
schematics, and Augat can do the 
rest. To speed the process, be sure 
to send large-scale prints with each 
component, pin, and signal neatly 
labeled. In addition, you should also 
include a layout drawing showing 
component placement and power/ 
ground commitments. 

The most convenient and increas- 
ingly popular method of transmit- 
ting interconnection and compo- 
nent-placement data to Augat is 
through a direct data link between a 
CAE workstation and Augat’s VAX. 
Augat will accept data in any format 


and do any reformatting necessary 
to meet the internal standards of 
the VAX software. 

You can submit CAE databases 
via a direct phone link, magnetic 
tape, or floppy disk. For direct 
transfers, the data should be in 
ASCII format with fixed record 
lengths. When the CAE terminal is 
on line with the VAX, it must be 
able to emulate a VT100 terminal. 
The VT100 emulation should be set 
up for 800 or 1200 baud, seven bits 
per character, and no parity. 

For magnetic-tape transfers, 
EBCDIC or ASCII data should be 
formatted on nine tracks at 800- or 
1600-bpi (phase encoded) densities 


pads or terminals. The weld uses a solid lower 
electrode and a hollow cylindrical electrode that’s 
connected to a capacitive-discharge power supply. 
Solid nickel, Teflon-insulated wire passes from a 
spool through the upper electrode. This electrode 
then lowers until the wire is in contact with the 
etched pad on the board. 

An internal pressure mechanism then forces the 
edge of the upper electrode through the insulation 
on the wire and slightly flattens the conductor. 
The power supply fires, sending a 2.5-msec high- 
current pulse through the wire-conductor/board 
pad interface to weld the wire to the pad. 

BICC-Vero’s Speedwire technology employs the 
insulation-displacement technique to interconnect 
socketed components on a 0.1-in. grid. The system 
features pc-board-mounted terminals that provide 
component sockets on one side of the board and 
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Custom wiring layers in the Unilayer II packaging system from 
Augat are produced on universal fixtures mounted six across on a 
numerically controlled table. Tooling pins ensure that wires will 
not be routed over holes in the final assembly. 


insulation-displacement terminals on the other side. 
Using a special pen, you simply push an insulated 
#30 AWG solid wire between the tines of the 
terminal. 

The terminal’s box design provides four points of 
contact for every connection. The tines will accept 
two wires, so you essentially have four intercon- 
nects per terminal. The component socket end of 
the terminal uses a selectively plated beryllium 
contact clip oriented to wipe all four faces of an IC 
lead. The terminal has an integral stop feature that 
prevents the IC lead or discrete component from 
passing through and interfering with the wiring 
pattern. 
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Panel selection is critical 


Wire wrapping can meet the needs of high-speed 
technologies only if you take care to select a panel 
that can handle the task. When specifying a panel, 
first consider layout versatility. For optimum sys- 
tem performance, the wire-wrapping panel should 
impose no restrictions on the circuit layout. Unfor- 
tunately, as circuit density increases, the average 
panel does just that. Make sure you select a panel 
| that allows you to intermix all types of IC packages 
. al d discrete components. 

_ Then, consider bypass Sapa davies that 

: play. a key role in the operation of high-speed cir- 
| cuits. Improper bypassing will severely impair the 


. Tieapscd devices. Bypassing i is one of the weak- 
est links on wire-wrapped boards; it requires 
short, low-inductance connections. To optimize per- 
_ formance, therefore, select a panel that allows you 
| to individually bypass each device without having 
| tor use ees connections in the bypass 
a | 
ON ext, eer grounding. In high-speed applica- 
tions, the wire-wrapping panel should have at least 
one full ground plane on the wiring side of the 


_ to signal-return currents. In very high-density ap- 


board. Unfortunately, the clearance hole for each 
will increase the ground plane’s series impedance 


plications, therefore, it’s best to go with a multi- 
layer board that has a number of inner ground 
layers. Panels that locate multiple power planes 
very close to corresponding ground planes in an 
attempt to achieve high power-to-ground plane ca- 
pacitance levels offer no performance benefits. In 
fact, they simply waste real estate that could be 
assigned to additional ground planes. 

The final panel-selection consideration is custom 
pinning. This concept eliminates unused pins, and 
pins are a significant part of a panel’s overall cost. 
Custom pinning also makes it much easier to test 
and troubleshoot the wrapped board. Instead of 
having to struggle with a field of continuous rows 
of pins, you have a panel that allows you to easily 
distinuish device pin groups. Custom pinning can 
also improve signal transmission, depending on 
how loaded the board is. The unpinned areas allow 
for better disposition of point-to-point signal-path 
wiring adjacent to the ground plane. 


with fixed record length. You should 
identify the number of records or 
characters per block, and you 
shouldn’t use internal labels. Augat 


supports two formats for transfers 
via floppy disk, IBM PC-compatible 
5'%-in. disks or DEC 11-/RT-11-com- 
patible 8-in. disks. 


_ Bring the service close to home 

| Whether you’re using wire wrapping simply for prototyping prior to 

| implementing a pc board or as the final production medium for your 

| designs, Wire Graphics’ $5995 Pen-Entry PC can allow you to auto- 

- mate board development and engineering changes and also to inte- 

grate subsequent manufacturing production and design testing. 

| Pen-Entry PC comes either as a turnkey system or as an add-on 

_ to your existing PC, PC/XT, PC/AT or clone. It allows you to 

Q quickly and cost eMoctively design easily changeable wired-circuit 

boards while concurrently compiling a database that you can use 
later to transfer a proven design into manufacturing production and 


test. 


The Pen-Entry PC add-on packave consists of a graphics card, a 
| light pen (which you use to enter data and perform wiring intercon- 
nections), the software, and an operator’s manual. The software 
consists of the wire-point module (which allows you to program 
panels with as many as 8000 wiring points), a process and list 

module, a twisted-pair routing module, and a semiautomatic N/C 
> ee peline. format module. You can install the Pen-En- 
try ‘minutes using just the manual. Optional training is avail-_ 
50 ‘per day) at Wire ae 
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Once you’ve got the finished 
wrapped panel in hand, you still 
have a formidable task ahead: de- 
bugging and troubleshooting. And if 
you run into problems, you could be 
faced with a redesign task. As an 
illustration of how wire-wrapping 
services can simplify this design 
phase, consider the documentation 
Datacon provides as a standard part 
of its Board 1 service. 

First is the device listing: a com- 
puter printout that includes the de- 
vice name, its pin 1 location in board 
nomenclature, the number of device 
pins, the device width in 0.1-in. in- 
crements, and device-orientation in- 
formation. 

You'll also receive original source 
data (a printout of data as tran- 
scribed from your schematic) and a 
device cross-reference. This latter 
documentation lists all reference 
designations and I/O pins on the 
panel in alphanumeric order. It also 
includes associated signal names 
and input-sheet reference numbers. 

In addition, you'll receive mapped 
source data—the original data after 
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PRODUCTS FOR 


VM E EUROCARD 


H ybricon, with more experience than any other company in 
designing, developing and building VME packaging hard- 
ware, offers the industry's widest range of both custom and 
standard VMEbus-configured products . . . all in full production 
and field-proven. 


This VME system has clearly benefited from Hybricon’s con- 
siderable experience in packaging and interconnection. 
Components were designed from scratch . . . not adapted 
from other bus products . . . to best serve VME's unique require- 
ments. Interface flexibility and customer convenience are Out- 
standing, and construction is much more rugged than com- 
petitive offerings. It'S no wonder that Hybricon VMEbus pack- 
aging and interconnection hardware is used on more systems 
than anyone elses. | 


In volume production, the best cost/value relationship can 
often be achieved with a custom design . .. and a significant 
share of Hybricon’s VME business is in custom products. When 
doing a custom design, Hybricon can draw on an automated 
database covering over ninety standard VME models. . . 
speeding the process, saving cost, and greatly reducing the 
amount of debugging needed. 


“EXTRA VALUE DESIGN” 


Hybricon’s “Extra Value Design” program ensures that indus- 
try performance and construction norms are exceeded . . . and 
that extra features and flexibility will make life easier for the 
equipment designer. The benefits are evident throughout this 
VMEbus product system . . . multilayer backplanes with full 
ground and power planes — factory assembled backplane/ 
card cage combinations in rack, case, drawer and custom 
mountings — high frequency wire wrappable socket boards 
with patented VHF design — extensive connector and terminal 
options — and much, much more. 


Fourteen Backplane/ 
Card Cage Assemblies 


J1 in 19" rack 
mountable cage 
6,9: TON AZ IS 16, 
20, 21 slots 


J1 in optional mount cage 
6 5,0: 9210 Slots 


Nine 19” Rack 
Mountable Card Cages 


* 21-slot 400mm x 6U, 9U 4 
21-slot 140mm x 3U, 6U, 9U 
21-slot 220mm x 6U, 9U 
21-slot 280mm x 9U 
10-slot 160mm x 6U 


Six 160mm Optional Mount Card Cages 
4;5; 6,9, 10, Tésfots 


Eleven J1 Backplanes 
45.6, 9, 10, H, 42, 1, 16; 20 2b sles 


Eight J2 32-bit Expansion Backplanes 
tO ee 12, 1G) 20,21 Slots 


Four J2 VMX Expansion Backplanes 
3, 4,5, 6 slots 


Six Test Extender Cards 
for: J1, 160mm 
J1, 220mm 
J2, 160mm 
J2, 220mm 
J1/J2 contiguous, 160mm 
J1/J2 contiguous, 220mm 


Three Lateral Interconnect Boards 


for Jt tod 
J2 32-bit to J2 32-bit 
J2VMX to J2VMX 


Thirty-two Wire Wrappable Socket Boards 


four UHD 220mm x 6U 
four 220mm x 9U 

four 280mm x 6U 

four PGA280mm x 6U 


four 160mm x 3U 

four 160mm x 6U 

four UHD 160mm x 6U 
four PGA 160mm x 6U 


Ask for the 
Hybricon Bus Manual... 
Defining all of the 
popular configurations. 


No other company in the world makes as many packaging/interconnection products for microcomputer compatible systems 


@ 
Hybr icon Corporation 410 Great Road, Littleton, Massachusetts (617) 486-0311 TWX 710-347-0654 
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HYBRICON MAKES THE MOST... AND THE BEST 
PACKAGING/INTERCONNECTION 
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THE SCIENCE OF CONNECTIVITY 


At Thomson Components-Mostek, we've raised the science of connectivity to a fine art. So 
throughout our telecom anda datacom product line, youll find full Support of the industrys leading 
protocols. 

For example, we offer products designed specitically for the Ethernet/Cheapernet™ protocol, 
and devices dedicated fo starlan, including hub and station controllers and a general-purpose 
Manchester encoder/decoder.* And packet switching devices that meet the ISO full-link Level 2 
Standards, including a CMOS X.25 controller and CCITT Signaling System No. 7-compatible device fo 
common channel signaling applications.” 

Using advanced architecture our DSP chip handles 16-bit complex numbers with ease, and 
with a 160 ns instruction cycle is one of the fastest available. And our MAFE (Modem Analog Front-End) 
chip set for V32 modem applications |s the first of its kind on the market. 

A wide:range of analog-digital conversion products, including a single-chio CMOS Bell 212A 
modem which also meets CCITT-V22 standards, as well as a line of single-channel THOMSON 
serial CODECs for voice switching applications are also available. 

So whatever your application requirements, come to the vendor that's a 
made a science out of solving communications problems. Call (214) 466-6316 or r, AS 
contact your local sales office. Lie 


= 
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Just ask.VVe have the Solution, master 


*Samples available Q4, 1986 LANCE is a trademark of Thomson Components-Mostek Corporation. Cheapernet is a trademark of National Semiconductor. 
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Thomson Components- 
Mostek Corporation 


U.S. AND CANADIAN 
SALES OFFICES 


WESTERN AREA: 
Santa Clara, California 
408/970-8585 


Irvine, California 
714/250-0455 


Woodland Hills, California 
818/887-1010 


Seattle, Washington 
206/632-0245 


Longmont, Colorado 
303/449-9000 


Scottsdale, Arizona 
602/998-1580 


Tigard, Oregon 
503/620-5517 


CENTRAL AREA: 
Carrollton, Texas 
214/466-8844 


Bloomington, Minnesota 
612/831-2322 


Schaumburg, Illinois 
312/397-6550 


Austin, Texas 
512/451-4061 


EASTERN AREA: 
Burlington, Massachusetts 
617/273-3310 


Marlton, New Jersey 
609/596-9200 


Altamonte Springs, Florida 
305/869-4979 


Huntsville, Alabama 
205/830-9036 


Liverpool, New York 
315/457-2160 


Poughkeepsie, New York 
914/454-8813 


Dublin, Ohio 
614/761-0676 


Greensboro, North Carolina 
919/282-4307 


Norcross, Georgia 
404/447-8386 


CANADA 

Thomson CSF Canada 
Semiconductor Division 

Montreal, Quebec 

514/288-4148 


Brampton, Ontario 
416/454-5252 


For all other countries: 
Thomson Semiconducteurs 
Velizy — France 

(1) 39.46.97.19 Telex 240 780F 
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conversion to board nomenclature. 
This list combines all Vcc and 
ground designations within each de- 
vice and assigns them to the nearest 


| unused power and ground pins. The 


company also provides a signal trace 
—a listing that allows you to exam- 
ine inputs by signal name and there- 
by evaluate the signal structure 
produced by the wrapping program. 
The documentation lists all wires in 
alphanumeric order by signal, and it 
also lists associated mapped-source 
sequence numbers from and to the 
pins. 

Two final pieces of documenta- 
tion, the wiring-sequence list and 
the cross-reference list, complete 
the package. The first presents the 
source data after the wrapping pro- 
gram has performed all optimiza- 
tions; it lists all wires in the order in 
which they will actually be 
wrapped. The cross-reference is an 
alphanumeric listing of all pins used 
on the panel. It includes associated 
signal names, mapped-source-se- 
quence number, wire-sequence 
number, and Z-level information. 

Some observers feel that because 
wire wrapping is such a mature 
technology, there’s no room for 


major breakthroughs. Garry Elec- 


tronics contradicts this viewpoint 
by offering a wire-wrapping system 
that increases board packaging den- 


sity by as much as 400%. The sys- 
tem can wrap connections with only 
0.05 in. between interconnection 
points, and it provides extremely 
high density I/O—as many as 50 
connections for every 0.06 in? of 
board surface. | 

Garry’s technology will aceommo- 
date three levels of wrapping on a 
0.012-in. square post that’s only 
0.11 in. high—about five times 
shorter than standard 3-level wrap- 
ping posts. The shorter wrapping 
post allows for much tighter spacing 
between daughter boards in a card 
cage. The high-density system em- 
ploys 50-pin connectors that are 
available in both male and female 
versions. This miniaturized socket 
and header connector system offers 
0.025-in. center spacing and occu- 
pies only % the volume and % the 
area of conventional IDCs (insula- 
tion displacement connectors). 

The plated-through holes on the 
Garry panels measure only 0.012 to 
0.015 in. in diameter. Maulti- 
conductor cable utilizing 34-gauge 
wire (solid and stranded conductor) 
complete the system hardware. 
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Micron Technology: 
Surrounds your package needs 


Micron’s packaging capabilities have expanded to surround all your 
package needs. 


Our broad line of package options supports requirements for 
increased memory density including surface mounting, through-hole and 
socketed applications. Custom packaging in easy to use SIP and SIMM 
modules is another option — if you need it, Micron can build it. And to 
prepare for the 1-Megabit DRAM designs, keep in mind that our package 
variety (256K DRAM in 1-Meg pinouts and packages) will allow you to 
design upgradable boards now to fit both current and future generations 
of memory components. 


CURRENT PACKAGE AVAILABILITY = 


Through-hole DIP 16, 18, 20-pin | 

PC board compatible ZIP 16, 20-pin | 

packages PGA 120-pin 
Modules 22, 30-pin 
Custom Modules Available : 


Surface mount PLCC 18-pin 
PC board compatible LCCC 18-pin 


packages > | s6! 20-pin 
Flat Pack (special order) 


For high quality All-American DRAMs manufactured on military 
certified lines, select from Micron’s broad line of packages. What- 
ever your package need, we've got it surrounded. 
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NEW MICRON PRODUCT GUIDE 

Call today to receive our new color 
Product Guide. Product data sheets 
available on request. 


(208) 386-3900 


ICRON = 


TECHNOLOGY, INC. SS 


America’s DRAM Supplier 
2805 E. Columbia ¢ Boise, ID 83706 * TWX 910-970-5973 * (208) 386-3900 
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THE FUTURE 32 BIT VMEbus CPUs ARE HERE NOW! 


EMS introduces their 32 bit VMEbus, Real Time CPU-4 Family based on the MC68020. We have designed not 
One, but Two Real Time, Multi-Processing Models with eighteen different configurations for each model. 


The CPUs operate at 12.5 MHz, 16.67 MHz or 20 MHz and feature zero wait states into 1 Mb of dual 

ported RAM. Any one of the different CPU-4s can be configured with 256 Kb, 1 Mb or 4 Mb of dual . 
ported memory with the MC68881 FPCP as an option. With the built in Interrupt Mailbox and | 
Windowing capability, multi-processing designs become easy. 
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ur FASTPLA devices 
help you get on board. 


i 


Isoplanar-Z, FAST (Fairchild Advanced Schottky TTL) and FASTPLA (Fairchild Advanced Schottky TTL Programmable Logic Array) are 
trademarks and the FAST logo is a registered trademark of Fairchild Semiconductor Corporation. ©1986 Fairchild Semiconductor Corporation. 
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Introducing FASTPLA” 
— the newest addition to 
the high-performance 
FAST ™ family. 

By using FAST and 
FASTPLA parts together, 


you can expand your 
design horizons. Because 
they offer you the capabil- 
ity to implement your own 
architecture in your office 
with easily available 
design-aid software pack- 
ages. And each time you 
program a FASTPLA cir- 
cuit, you create another 
FAST device. 

Now your designs 
can be quickly tried and 
evaluated, and you can 
make design changes by 
merely programming a 
new IC. This design flexi- 
bility encourages innova- 
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tion. While lowering your 
design costs. 


A FAST way to save on 


board space. 


When FAST and 
FASTPLA devices are 


combined in the same 
design, board space 1s 
optimized. Your circuit 
complexity, parts count, 
and inventory are all 
reduced. Tests are mini- 
mized. And board failures 
become less likely. 


FASTPLA parts — fast 
and flexible. 

FASTPLA devices 
are the fastest TTL pro- 
grammiable logic arrays 
ever created, with a prop- 
agation delay of just 15 


nanoseconds. FASTPLA — 


ICs feature flexibility few 
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other logic arrays can offer: 

Programmable output 
polarity, for active high or 
active low implementation. 

Power-up reset and 
three state for design 
simplicity. 

And complete test- 
ability for higher reliability. 


Guaranteed to get you 
to the market on time. 
Using FAST and 
FASTPLA devices drasti- 
cally cuts the time it takes 
to get your product on 
the market. From weeks 
or months to mere hours 
or days. 
ia FASTPLA cir- 
cuits guarantee greater 
reliability and lower 
system costs, thanks to 
Fairchild’s exclusive 
Isoplanar-Z™ technology 
(the vertical fuse and 
oxide-isolated process 
which gives you one of the 
highest programming 
yields in the industry). 
For more information 
on FAST or FASTPLA 
parts, contact your local 
sales office or your nearest 
authorized Fairchild distri- 
butor. 
Or call 
The Fairchild Information 
Center at 1-800-554-4443. 
And learn how easy it 
really is to get on board. 


We’re taking 
the high ground. 
FAIRCHILD 


A Schlumberger Company 
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Finally, a single-chip controller 
that makes SCSI a standard worth standardizing on. 


A REAL SOLUTION 
Introducing the WD33C93, our remark- 
able new SCSI controller that’s a genuine 
single-chip solution 
for designers of SCSI 
bus systems. 
Now, whether 

you re designing 

hard disk systems, 

de empisc.zomtel printers or plotters, 
on 7 optical or tape drives, 
digitizers, even host adaptors — or adding 
a SCSI bus in a host system — SCSI has 
never been more practical or easier to 
design in. 

REAL ESTATE SAVINGS 

We've taken a board full of devices and 
shrunk them into a single-chip solution. 
TheWD33C93 has on-chip high current 

| drivers, and supports both synchronous 
and asynchronous transfers. Or choose 


Hard Optical Tape 
Disk Disk Drive 


Printer tet/ Host 
Plotter Dapilizet Adaptor 


add your own differential 
drivers. 

Either way, four MB per 
second transfer rates, combi- 
nation commands that min- 

imize host intervention, 

\ and a Zanslate Address 
command that switches 
from logical to physical address 
make our SCSI controller the highest 
performance, space-saving single-chip 
solution youve been 
looking for 


Sd | 
2 CEeem y( 
ee Gee extra competitive feature. 


the WD33C92 if you prefer to eee 
Soe 


REAL COMPATIBILITY 

The WD33C92/3 is completely SCSI/ANSI 
X3T9.2 compatible. So you can standard- 
ize on it as either SCSI initiator or target, 
and be sure of total compatibility with any 
SCSI implementation on the market today 
including other SCSI devices, control- 
lers and host adaptors. 

REAL ECONOMY 
We ve got a proven 
history of putting com- 
plex standards into silicon, then driving 
those devices down the experience curve 
as fast as the market demands. 

As complex as the WD33C92/3 is, it’s 

a down-to-earth implementation that 
makes SCSI that much more attractive. 
Matter of fact, you can just about afford 
to design aWD33C92/3 into 
every system you build, as an 


REALLY HERE. 
Count on Western Digital to 


support your SCSI system 
Our is! cab requirements at both host and 
down cosraswe peripheral ends of the cable. 
rive up func 
tionality The WD33C92/3 is here 
today, ready to sample, bse 
high volume production | ’ 
right around the 
corner. For details, 
contact the Western Digital 
sales office in your area. 


Includes all neces- 
sary SCSI logic in a 
CMOS + 5V 44 pin 
chip carrier or 40 


WESTERN DIGITAL as 


Pas McCabe Way, ae CA 7K 


Western U.S, (714) 851-1221 Eastern U. S. (612) 835-1003 
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Solutions you can touch 
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When McDonnell Douglas, Teledyne 
Controls, and SAI Technology had | 
special requirements for their military 
and avionics products, they came to 
Carroll Touch for a solution. 

Carroll Touch offers a line of high- 
performance, cost-effective infrared touch 
systems and EL displays equipped with 
touch. Providing exceptional functionality 
and exceptional flexibility, these MIL 
SPEC-qualified units make user interac- 
tion easier, faster, and more accurate than 
any other type of input device. They are 
rugged, reliable, and especially well-suited 
for harsh or hostile environments, from 
the flight deck to the battlefield. 

It’s no wonder more and more com- 
panies are using Carroll Touch products 
in their systems. Discover solutions you 
can touch. Contact Carroll Touch today. 


Carroll Touch 


a subsidiary of AMP Incorporated 


In Touch with Technology 


P.O. Box 1309 
Round Rock, TX 78680 
912/244-3500, Telex 881906 


Carroll Touch is a registered 
trademark of Carroll Touch, Inc. 


PRODUCT UPDATE 


Self-calibrating 


A/D converter features 


12-bit precision and 12-sec conversion 


Offering a 12-bit digital representa- 
tion of a bipolar or unipolar analog 
signal at sampling rates as high as 
62.5 kHz, the CSC5012 A/D con- 
verter also sports self-calibrating 
circuitry. This IC ensures maximum 
nonlinearity and minimum code 
widths of % LSB. It also keeps 
offset and full-scale errors within 2 
LSB, so it doesn’t require manual 
calibration. 

The monolithic CSC5012 contains 
a DAC, a successive-approximation 
register (SAR), a clock, a compara- 
tor, control I/O circuitry, and self- 
calibration circuitry. The IC’s input 
track/hold feature, which acquires 
the next analog input signal within 4 
usec after each conversion, allows 
for the chip’s 12-ysec conversion 
time and 62.5-kHz throughput rate. 

The CSC5012 implements the 
successive-approximation method in 


CLKIN OC 


REFBUF 


a unique manner, using a charge- 
distribution architecture. The IC’s 
DAC is an array of binary weighted 
capacitors that share a common 
node at the comparator’s input. The 
other side of each capacitor can con- 
nect to the analog input (AIN), the 
reference voltage (VREF), or 
ground (AGND). Conversion con- 
sists of manipulating the free ends 
of each capacitor to either the 
VREF or AGND in an effort to find 
the proportion of capacitance that 
will drive the voltage at the compa- 
rator’s input node to zero. When the 
device is in the tracking mode, its 
bank of capacitors is tied to AIN. 
You ean configure, control, and 
monitor the CSC5012 via its on- 
board yP interface. You can inter- 
face this IC with a 16-bit data bus by 
tying the bus-width select line (pin 
83) high, thus letting the chip read 


EOC 


all 12 bits in parallel in a single 
cycle. Signals from an 8-bit bus re- 
quire two read cycles for 12-bit pre- 
cision. 

Suitable for portable applications, 
the CSC5012 dissipates 150 mW 
typ. You can select from three ver- 
sions of this IC: the CSC5012CD 
operates in temperatures ranging 
from 0 to 70°C; the CSC5012ID 
works over —40 to +85°C; and the 
CSC5012MD is operational over 
—55 to +125°C. All three versions 
are available in 40-pin ceramic 
DIPs. Prices start at $34 (100), and 
you can order evaluation boards for 
$125.—J D Mosley 

Crystal Semiconductor Corp, Box 
17847, Austin, TX 78760. Phone 
(512) 445-7222. 
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Featuring a self-calibration circuit, the CSC5012 A/D converter offers 12-bit bipolar or unipolar analog signal sampling and a 12-ysec 


conversion time. 


CO eee 
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® 
-tek 
THE NEED 


A high quality 
epoxy with 
very specific 
performance 
requirements. 


THE SOURCE 


EPO-TEK epoxies 
from Epoxy 
Technology. 


In electronics, microelectronics, 
optics, optoelectronics or any 
application which requires an 
epoxy with specific performance 
parameters, trust EPO-TEK 
epoxies from Epoxy Technology 
Inc. (EPO-TEK epoxies are also 
used in the professional restoration 
of valuable glass, ceramic and 
wood artifacts.) 


Call or send for our free 
product brochures. 


Optics, 
optoelectronics 
brochure 


Electronics, 
_ microelectronics 
| brochure 


No one knows | plosy 


more about 
epoxies than 
Epoxy Technology. 


(800) 227-2201 
14 Fortune Drive 
Billerica, MA 01821 
(617) 667-3805 
in Massachusetts 


xies 
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PRODUCT UPDATE 


Expansion chassis lets 
Macintosh use PC/AT boards 


You can turn an Apple Macintosh 
Plus computer into a wP-based data- 
acquisition and instrumentation- 
control system by plugging the 
MacBus stand-alone expansion 
chassis into the Apple’s SCSI port. 
An 8-MHz, 16-bit NEC V50 pP con- 
trols the expansion bus. The expan- 
sion unit provides an IEEE-488 in- 
terface, which lets the computer 
control a wide range of instruments. 
In addition, the MacBus lets you use 
aS many as three IBM PC/AT 
add-on boards with your Macintosh 
Plus. 

The unit’s PC/AT-compatible 
SCSI interface permits data trans- 
fer between the MacBus and the 
Macintosh Plus at 250k bytes/sec 
max. The chassis contains five card 
slots; one is occupied by an NCR 
5380-based SCSI-bus card, and an- 
other contains the GPIB-V50 pP 
board. 

The V50 card includes an EPROM 
that contains the company’s propri- 
etary MacBus operating system, 
IBCL. You can add as many as 512k 
bytes of RAM to the pP card. To 
perform floating-point calculations 
without intervention by the host 
computer, you can plug an optional 
8-MHz NEC 72191 numeric coproc- 
essor into the V50 card. The re- 
maining three slots in the MacBus 
accept IBM PC/AT-compatible ex- 
pansion cards. Depending on the 
cards you choose, you can turn the 
MacBus into a serial communication 
link, an A/D converter, a video- 
frame grabber, or some other kind 
of instrument. 

The IBCL operating system gives 
you a command set with which to 
control the [KEE-488 interface. 
The IBCL’s interactive program- 
development facilities let you devel- 
op and debug instrumentation-con- 


You can add an IBM PC/AT-expansion bus 
to your Macintosh Plus computer by plug- 
ging the MacBus into the computer’s SCSI 
interface. The MacBus lets your Macintosh 
use PC/AT add-on cards and provides an 
IEEE-488 interface for »P-based instrument 
control. 


trol programs that the MacBus can 
then execute without host interven- 
tion. An optional software package 
for the Macintosh Plus provides sup- 
port for the MacBus software and 
the IBCL facilities. The package 
includes an IEEE-488 bus-control 
utility, an IEEE-488 instrumenta- 
tion-configuration utility, and a 
software driver for SCSI-bus com- 
munication. You can also obtain lan- 
guage-interface libraries that let 
you access the IEEE-488 driver and 
the MacBus hardware from pro- 
grams written in C and Basic. 

The MacBus enclosure measures 
6X11.75x15.25 in. Its backplane 
bus offers four DMA channels and 
six interrupt lines. The unit has an 
integral fan and a power switch. 
Suitable for automated production 
testing, personal instrumentation, 
and laboratory applications, the 
MacBus sells for $1495. Its interface 
software costs $200.—J D Mosley 

National Instruments Corp, 
12109 Technology Blvd, Austin, TX 
78727. Phone (800) 531-4742; in TX, 
(800) 483-8488. 
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THE SHORTEST TIME FROM 
CIRCUIT DESIGN TO FINISHED PRODUCT 


ie beeen oe 


Scanbe takes your project from your schematic all 
the way through to a shippable product. One call 
does it all. 


The Hardware. Scanbe has wire wrap hardware for 
nearly every conceivable product design. The modular 
2D series of small, frame connected boards is ideal 
for mixing IC’s of various sizes while providing a low 
cost dense package. Plug-in cards include VME and 
Multibus, as well as Scanbe’s versatile 3D series 

and Americard®. Americard features unique power 
distribution and input/output cable arrangement. 


The Wire Wrap. Give us a schematic or wire list and 
we'll do the rest—including documentation and 


diagnostics—and swift, accurate wiring. 


The Packaging. There’s a huge selection of frames, 
drawers, racks and other accessories for the 2D series, 
as well as card cages of all sizes for VME, Multibus, 
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3D and Americard. Scanbe can’t be beat in board 
level packaging, with more card cages and racks for 
more board types than anyone in the business. 


And .. . the Wired System. You're in charge of each 
Scanbe wire wrap project you do. Every project is 
supported with computer generated diagnostics and 
documentation so that service, upgrades and sysiem 
integration may be easily implemented. 


Just one phone call gets it all started: 


800-227-0557 (sis:572:2s00 
CANBE 


UNIT OF ZERO CORPORATION 
3445 Fletcher Avenue - El Monte, CA91731-3001 


=) LEADERS IN PACKAGING TECHNOLOGY 


Call today for your 
FREE Wire Wrap Catalog 


Not just another face 


in the crowd. 


1.5, Military Gate 


The UTD family from UTMC sets 
itself apart from the crowd. It’s 
attracting attention with high speed 
and density wrapped into a rugged 
gate array designed specifically for 
military and aerospace applications. 
By specifying our UTD 
family, your system will stand out 
with performance advantages made 
possible by 1.25 effective 
channel length and sub-nanosecond 
gate delays. And you have more 
than 11,000 useable gates with our 
patented continuous-column 
architecture making it one of the 
densest 1.5 military arrays 
available. 


The UTD series uses proven 
double-level-metal CMOS tech- 
nology and is screened to selected 
tests in MIL-STD-883C. 

This family is available for 
design now using UTMC’s 
proprietary VAX™-based 
HIGHLAND™ CAD system. And, 
we offer our design tools free of 
charge when you design with our 
gate arrays. 

At UTMC, we recognize your 
individual needs and support them 
with fully-equipped design/service 
centers and applications experts 
in Boston, Los Angeles, and 
Colorado Springs. 
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Array. 


Take a closer look at our 
1.54 CMOS military gate array. 
We’re not just another pretty face. 


Product Marketing 
United Technologies 
Microelectronics Center 
1575 Garden of the Gods Road 
Colorado Springs, Colorado 80907 
1-800-MIL-UTMC 
Boston Design Center 

(617) 890-8862 
Los Angeles Design Center 

13) 338-0008 


PRODUCT UPDATE 


25-MHz, 32-bit P performs 
12.5 MIPS peak; 5 MIPS avg 


Operating at processing speeds 
greater than one million Whet- 
stones, the 25-MHz version of the 
68020 »P boasts the fastest speed 
available in a general-purpose pP. 
This 32-bit P’s 40-nsec clock period 
translates into 12.5-MIPS perfor- 
mance when the IC operates in 
burst mode. Its sustained through- 
put averages 5 MIPS, or seven 
times the performance specification 
of an 8-MHz 68000 pP. 

The 25-MHz 68020 owes its per- 
formance figures to a number of 
factors. An on-chip instruction 
cache and 3-stage instruction pipe- 
line facilitate rapid execution of the 
chip’s instruction set and addressing 
modes. Further, the 1.5-~m IC is 
fabricated in single-layer metal with 
polysilicide, a cost-effective manu- 
facturing medium that boosts the 


Cantrol 
Lirut 


Execution 
Linat 


Operating at 25 MHz and delivering 12.5-MIPS peak performance, the latest version of 


chip’s processing speed. 

You can use the pP with the 
20-MHz 68881 floating-point copro- 
cessor. Developed as a companion 
chip for the 25-MHz 68020, the 


-68881 adheres to the IEEE’s P754 


floating-point specification and pro- 
vides more than forty floating-point 
functions. 

Available in a 114-lead pin-grid- 
array package, the 25-MHz 68020 
sells for $699 in OEM quantities and 
$849 in sample quantities. The 
20-MHz 68881 floating-point copro- 
cessor costs $568 in OEM quantities; 
samples sell for $699.—J D Mosley 

Motorola Inc, Microprocessor 
Products Group, Box 52073, Phoe- 
nix, AZ 85072. Phone (512) 440- 
28389. 

Circle No 728 


Instruction 
Prefetch 
and 
Decode 


Bus 
Controller 


instruction 
Cache 


Motorola’s 68020 wP offers seven times the processing speed of an 8-MHz 68000 pP. 
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BOARD LEVEL 
PRODUCTS 


IBM" 


STATIC RAM BOARDS _ from $523 
SMART COMMUNICATION BOARDS 
from $453 


MULTIBUS" 


RTOS He 


CPU BOARDS 

STATIC RAM BOARDS 
SBX EXP. BOARDS 
EPROM EXP. BOARDS 


from $711 
from $371 
from $176 
from $176 


Pop Eg RD ee IST 


STATIC RAM BOARDS _ from $431 


NEED HELP DESIGNING, 
DEVELOPING OR 
MANUFACTURING 

SPECIAL CMOS BOARDS 
OR PRODUCTS? 


CALL FOR 
DETAILED TECHNICAL 
INFORMATION 
AND CATALOG 


1-800-443-CMOS 


7 Diversified 
Technology 


5500 OAKBROOK PKWY., SUITE 210 
NORCROSS, GA 30093 


*MULTIBUS is a trademark of Inte! Corp. 
IBM PC is a trademark of IBM. 
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AMERICAS BEST 
PROGRAMMERS 


Z-1000B UNIVERSAL 
PROGRAMMER 


* Over 600 PLDs, EPROMs, EEPROMs, 
Bipolar PROMs and INTEL MCUs. 


® Separate D/A channels for each pin. 
e Upgradeable PROM based software. 
@ Stand alone or PC/XT/AT operation. 
¢ Two independent RS-232 ports. 

e 64K or 256K bytes of DATA RAM. 
EXATRON handler interface is standard. 


Z-3000 HIGH VOLUME 
GANG/SET PROGRAMMER 
¢ 14,000 27256s programmed per day. 


¢ 32 EPROMs simultaneously with 1 to 8 
DATA BLOCKS. 


@ 16 Intel or Motorola MCUs ata time. 
© 64K to 256K bytes of DATA RAM. 


Z-1200B TWELVE SOCKET 
GANG/SET PROGRAMMER 

* 2716-279 127 1 16 4 DATA: BLOCKS. 

© 64K to 256K bytes of DATA RAM. 

e Software personality. No plug-ins. 


Z-2500B IN-CIRCUIT 
MEMORY CARD PROGRAMMER 


e Programs up to 32 memory cards with 
EPROMs or microcomputers at a time. 

e Two 1.2 Mbyte DSDD floppy disk drives. 
Optional 20 Mbyte hard disk. 

e Turnkey systems include programmer, 
terminal, custom interface hardware and 
software. 


Simple menu driven operation. 


ZAP SERIES engineering and field service 
programmers for EPROMsS to 27C1024, Intel 
and Motorola microcomputers. 


2-400 economical bipolar PROM and EPROM 


programmer. 


SUNRISE ELECTRONICS, INC. 
524 South Vermont Avenue 
Glendora, California 91740 

(818) 914-1926 
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PRODUCT UPDATE 


Signal-conditioning modules 
shrink in size via SM units 


These signal-conditioning modules, 
the 5B Series, use surface-mount 
(SM) and small-outline (SO) devices 
to achieve a 3:1 reduction in volume, 
as compared with the modules’ older 
siblings. When encapsulated, the 5B 
Series input/output modules mea- 
sure 2.25 2.25x0.6 in., vs the man- 
ufacturer’s earlier 3B Series, whose 
dimensions are 3.15X3.395x0.775 
in. 

The series consists of a family of 
isolated (+1500V peak) input and 
output signal-conditioning modules 
and a family of backplanes, includ- 
ing a relay-rack-compatible back- 
plane that can hold as many as 16 
modules. The input modules contain 
complete signal-conditioning cir- 
cuitry that’s optimized for specific 
sensors or analog signals, and they 
provide high-level (+5V or 0 to 5V) 
analog outputs. 

Among the signal sources the 
various 5B input modules accept are 
thermocouples (types J, K, T, E, R, 
S, B), 1000 platinum RTDs, 100 
copper RTDs, and 1200 nickel 
RTDs; they accept de voltages in 
O01, 0:05, 0.1; ees. ar 
+10V ranges and de currents in 4- 
to 20-mA or 0- to 20-mA ranges. 
The thermocouple modules (5B37) 
incorporate cold-junction compensa- 
tion and spec +0.5°C accuracy over 
0 to 45°C. The RTD-input Model 
B34 provides 0.25- or 1-mA sensor- 
excitation current and_ specs 
+0.05% end-point linearity and 
0.1% F'S accuracy. The low-voltage 
(=100 mV) units have a 3-Hz band- 
width, and the =1V devices have a 
20-kHz bandwidth. All inputs fea- 
ture 220V rms continuous overvolt- 
age protection. 

The Model 5B39 output module 
accepts 0 to 5V or +5V inputs and 
delivers current outputs of 4 to 20 


Surface-mount technology engenders a 
drastic shrinkage in volume for 5B Series 
signal-conditioning modules (left). As com- 
pared with the manufacturer’s earlier 3B 
modules (right), the 5B units take up less 
than one-third the volume and about one-half 
the board-mounting area. 


mA or 0 to 20 mA. Accuracy is 
+0.05%, and common-mode rejec- 
tion is 90 dB. The module features 
+1500V transformer isolation, and 
it incorporates output protection to 
220V rms continuous. Track/hold in- 
puts allow one D/A converter to 
Serve numerous output channels. 
All modules (input and output) meet 
the IEEE-STD 472 standard for 
transient-voltage protection and 
cost $105 (100).—Bill Travis 
Analog Devices Inc, Rte 1 Indus- 
trial Park, Norwood, MA 02062. 
Phone (617) 329-4700. 
Circle No 729 
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ANNOUNCING: NOW AVAILABLE FOR SHIPMENT! 


KEYBOARD 


Act now! Key Tronic has the new IBM* 

enhanced keyboard layout for you! 

With responsiveness that’s the best in 

the industry, Key Tronic provides a 101 

keyboard which: 

® Features IBM* enhanced layout. 

® Includes Key Tronic reliable switch 
technology and quality. 

® Is ready for shipment now! 


If you want the IBM* enhanced layout, 
the Key Tronic 101 keyboard is for 
you. If the 101 is not for you, we have 
alternative layouts available for 
immediate shipment. Of course, 
customized versions are also available. 


== 
== 
= 
= 
= 
= 


Contact your Key Tronic Repre- 
sentative today or call OEM Sales at 


(509) 928-8000 for more information. 


The Key Tronic 101 layout features include: 
Separate cursor & numeric pad 

LED indicators 

12 function keys 

Break over tactile feel 

19 mm low profile design 

5 VDC operation 


*IBM is a registered trademark of IBM Corporation. 


| *Cfed the Key Tonio” 
key tronic 


The Responsive Input Company. 


The Worlds Lareest Independent 
Mamuacturer of Full-fravel Keyboards 


P.O. Box 14687 * Spokane, WA 99214 e USA 
(509) 928-8000 TWX 510 773-1885 
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VAILABLE NOW. GOING FAST. 


The fastest family of CMOS 4kx4 static RAMs ever available. Now available from 
Thomson Components-Mostek Corporation. 

since we used the same basic design to create the entire MK41H68 family, our six 
new fast SRAMs share certain features. Like access times of 2Ons. And industry-standard 
20- or 22-pIn JEDEC packaging. But that's where the similarities end. Because each of the six 
devices offers different features — Chip Enable power down, fast 10ns chip select access or 
output enable control — you can choose the best solution for your application. 

Our fast static RAM family includes the first 5-volt 4Kx4s designed to operate at 
20ns. The MK41L68 Series is also the industrys first LSI circuit specifically designed for the 
new scaled MOS 3.3-volt LV-TTL JEDEC standard. And they're available with access times of 
25ns or 3dns. Either way, they're the fastest 4Kx4 CMOS RAMs available anywhere. 

A state-oHthe-art sub micron double level metal CMOS process and a unique 
6-transistor memory cell allows our new SRAMs to operate at high speeds yet maintain low 
operating and standby power requirements. 

Best of all, our new 4Kx4s are available right now. In quantity. From any of our 112 
distributor locations nationwide. And it doesn't end there. In the future, we'll be introducing an 
even wider range of fast static devices, with MIL-883 Rev C followed by 
JAN qualified versions. 

But don't wait too long to find out more. Because with speeds 
like these, they're going fast. For more information, call 214/466-6265 or 
contact your nearest local sales office. 


Just ask. We have the solution. 


Thomson Components-MVostek, 1310 Electronics Drive, Carrollton, Texas 75006 
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Thomson Components- 
Mostek Corporation 


U.S. AND CANADIAN 
SALES OFFICES 


WESTERN AREA: 
Santa Clara, California 
408/970-8585 


Irvine, California 
714/250-0455 


Woodland Hills, California 
818/887-1010 


Seattle, Washington 
206/632-0245 


Longmont, Colorado 
303/449-9000 


Scottsdale, Arizona 
602/998-1580 


Tigard, Oregon 
503/620-5517 


CENTRAL AREA: 
Carrollton, Texas 
214/466-8844 


Bloomington, Minnesota 
612/831-2322 


Schaumburg, Illinois 
312/397-6550 


Austin, Texas 
512/451-4061 


EASTERN AREA: 
Burlington, Massachusetts 
617/273-3310 


Marlton, New Jersey 
609/596-9200 


Altamonte Springs, Florida 
305/869-4979 


Huntsville, Alabama 
205/830-9036 


Liverpool, New York 
315/457-2160 


Poughkeepsie, New York 
914/454-8813 


Dublin, Ohio 
614/761-0676 


Greensboro, North Carolina 
919/282-4307 


Norcross, Georgia 
404/447-8386 


CANADA 

Thomson CSF Canada 
Semiconductor Division 

Montreal, Quebec 

514/288-4148 


Brampton, Ontario 
416/454-5252 


For all other countries: 

Thomson Semiconducteurs 

Velizy — France 

(1) 39.46.97.19 Telex 240 780F 
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PRODUCT UPDATE 


Quad op amp’s specs 
rival those of a single IC 


Model OP-400, a monolithic quad 
operational amplifier, has specs that 
compare favorably with the manu- 
facturer’s OP-77 precision single op 
amp. The part uses the industry- 
standard pinout for quad op amps 
and comes in a 14-pin ceramic DIP; a 
plastic-DIP version is slated for im- 
minent announcement. Two grades 
(suffixes E and F’) operate over —25 
to +85°C; Model OP-400A operates 
over the —55 to +125°C range. 

At 25°C, the A- and E-suffix mod- 
els spec 150-uV max offset voltage; 
the less rigidly specified OP-400F 
specs 200 pV max. An offset-drift 
spec of 1.2 wV/°C brings the full- 
temperature offset-voltage specs to 


220 and 270 wV max for the OP- 


400K and -400A, respectively. Max- 
imum offset-drift and full-tempera- 
ture offset for the OP-400F are 2 
wV°C and 820 nV, respectively. 
Offset and drift are not the only 
input specs that qualify the OP-400 
as a high-performance op-amp IC. 
The device’s input bias current is 3 
nA max, and the rejection ratio for 
common-mode _ input _ signals 
(CMRR) over the +12V range is 120 
dB min. Differential input resist- 


ance is 10 MQ typ. 

A 2-chip quad op amp, Model 
LT1014 from Linear Technology 
Corp, is the OP-400’s closest com- 
petitor. Except for power-supply 
current (0.725 vs 0.55 mA max per 
amplifier section), the OP-400 beats 
the LT1014 in substantially all key 
specs. Driving a 2-kQ) load, for ex- 
ample, the OP-400 specs 2,000,000 
min open-loop gain vs the LT1014’s 
1,500,000. And, the OP-400’s 120-dB 
min CMRR beats that of the LT1014 
by 17 dB. 

Table 1 presents some of the OP- 
400’s salient specs. Worthy of note 
are the device’s low 22-nV/VHz 
max input noise-voltage density and 
the 1.8-wV/V max power-supply re- 
jection ratio (PSRR). Although not 
shown in Table 1, the OP-400 can 
typically drive capacitive loads as 
great as 10 nF before developing 
instability; the LT1014 can tolerate 
only about 500 pF. $6.50 to $17.90 
(100).—Bill Travis 

Precision Monolithics Inc, Box 
58020, Santa Clara, CA 95052. 
Phone (408) 727-9222. 
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Math Av 


The Engineers Scratch Pad 


- FOURIER RECONSTRUCTION: § 
N iz 40 ij 9 
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: Reconstruct - 


function, using 
first two terms 


A powerful computation and 
documentation tool for your 
IBM-PC. 


With MathCAD you simply and inter- 
actively create, edit and display for- 
mulas on the screen the way you are 
used to writing them. Equations are 
instantly computed and the results dis- 
played on the screen as a single num- 
ber or a plot. Text may be added to the 
screen and everything may be printed 
out as an integrated document. 
MathCAD has built-in hyperbolic and 
circular functions, performs all calcu- 
lations with real and complex num- 
bers, performs iterative calculations, 
handles all units, performs error 
checking and dimensional analysis 
and much more... 


The price of MathCAD-$189. 
In Massachusetts add 5% sales tax. 


To order send check, p.o., call us 
with your MasterCard number or 
call us for the nearest dealer. 


1.800.MathCAD or 617.577.1017 


Math Sof 


Pea ea 


One Kendall Square 
Cambridge, Massachusetts 02139 
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PRODUCT UPDATE 


Megabit static-RAM hybrids 
use 32kx8-bit CMOS RAMs 


Exploiting the availability of 
32k x8-bit CMOS static-RAM chips, 
the 88128C and the 88128PC static- 
RAM hybrids offer a capacity of 
128kx8 bits. The RAMs are back- 
ward compatible with 8kx8-bit 
monolithic static RAMs, as well as 
with the manufacturer’s earlier 
8k x8-based 8816 (16kx8 bits) and 
8832 (32kx8 bits) hybrids. More- 
over, the RAMs are forward com- 
patible with the JEDEC-proposed 
pinout for recently available 32k x8- 
bit monolithic static RAMs. 

Using thick-film hybrid technolo- 
gy, the 32-pin devices carry static- 
RAM ICs on both sides of their 
ceramic substrates. The 88128C 
uses RAMs that are packaged in 
hermetic, ceramic LCCs; the less- 
expensive 88128PC has RAMs that 
come in small-outline plastic pack- 


This hybrid RAM module makes use of 32kx8-bit CMOS static-RAM chips to offer a capacity 


of 128k x8 bits. 


ages. Both devices are fully static 
(thus requiring no clocks), offer E 
and G functions for bus control, and 
have a decoupling capacitor 
mounted on the substrate. 

Model 88128C is available in com- 
mercial and MIL-screened versions, 
and it offers access-time selections 
of 120, 150, and 200 nsec. The 
88128PC is a commercial-range and 
-grade device and offers the same 
speed choices. Prices for the 88128C 
and 88128PC are $300 and $610 
(100), respectively.—Bill Travis 

Electronic Designs Inc, 35 South 
St, Hopkinton, MA 01748. Phone 
(617) 435-9077. 
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Ex ek HP 
tizing Oscilloscopes. 


No. 1 in a series. 


Digitizing architecture is making 


scopes 


easier to use, and more efficient. 


The move toward digitizing architecture in oscillo- 
scopes is on. New digitizing scopes are easier to use, 
and can dramatically boost measurement efficiency 
for engineers and technicians in many applications. 


Simple instrument setup. 


With the new HP 54000 series 
digitizing oscilloscopes, you get a 
stable display on the screen faster, 
even if other users have left the 
scope in an unfamiliar operating 
mode. You simply push the ae : 

‘‘autoscale’’ button on the front panel. Four ena; is 
correctly displayed on the screen. It all happens 
automatically, in seconds. 

You can also store front-panel setups in memory 
for later use...a convenient feature, especially if your 
application calls for repeating several different instru- 
ment setups, or if the scope is shared by many users. 


Automatic answers. 


With conventional scopes, making measurements such 
as risetime or frequency is typically a lengthy process, 
involving manual calculations. With the HP 54000 
series, you can make these measurements, and many 
more, automatically. That’s because they are com- 
puted for you at the touch of a button from digitized 
information. 


Instant hardcopy output. 


If you’ve ever fussed with oscilloscope cameras trying 
to photograph traces, you’ll appreciate the digitizing 
difference. You simply push a button on the front 
panel of the HP 54000 series to get hardcopy of the 
waveform of interest, or scope setup, on HP graphic 
printers, or plotters. 


*Offer expires Dec. 31, 1986. 


No more grease pencils. 


Unlike their conventional analog counterparts, digitiz- 
ing oscilloscopes can store waveforms in memory. So 
you can call them up for later reference, or compare 
them on the display with ‘“‘live’’ waveforms, without 
parallax. Traces remain clear and sharp, so you can 
make accurate measurements without time limits, even 
on stored and recalled traces. 


Multiple colors enhance scope 
functionality. 


Multiple, selectable display colors let you distinguish 
overlapping traces more easily. Associate waveforms 
with corresponding measurement and setup data. 
Emphasize special conditions, such as the color red 
indicating when measured data is outside of control 
limits. And tailor the 
system to your own 
way of working—to 
improve contrast or 
aid recognition, for 
example. Functional 
color is available on 
the HP 54110D 
digitizing oscilloscope. 


Call today for our free ease-of-use 
videotape*and mini-brochure. 
Explore HP digitizing oscillo- 
scopes. Get a free VHS videotape @i 
and mini-brochure by calling £ 
1-800-558-3077. In Colorado, 
call 590-3490 collect. 


HEWLETT 
PACKARD 


E115607 
5954-2647 
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Burst the 


price/ 
performance 


barrier! 


Philips proves that high performance 
Joesn't necessarily mean high price. 
he PM 5193 is the most competitively- 
yriced full-function 50 MHz-generator 
yn the market. Yet it outperforms the 
nost expensive. 

Just look at these features: 

» Extremely high accuracy thanks to 
8-digit resolution and crystal oscillator 
reference over the range 0.1MHz to 
50 MHz. 

Multi-function capability. Eight select- 
able waveforms (including 3 ns-Pulse 
and Haversine) and 5 modulation 
modes: AM / FM / Sweep / Burst / 
Gating. 

» Optimum programmability. IEEE com- 
patioility enables full remote control 
operation in automated system en- 
vironments. 


€ 


Moreover the Philips PM5193 full- 
unction generator is backed by the 
/ast corporate resources of one of the 
vorld’s largest electronics companies. 
90 Product Credibility in technology, 
echnique, quality and service is assured. 


PM $193) programmable aynthesizer /funetion generatar 0. lms - SOME 
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Measurement 


PHILIPS 
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the difference 


Test the difference and you'll also 
agree that Philips wins on price and 
performance! 


Philips I&E Division, T&M Department, 
Building HKF/55, 5600 MD Eindhoven, 
The Netherlands. 

In Germany call 0561-501484 

In the UK call 0223-3588 66 

In France call 01-830 1111 

In the USA call 1-800-631-7172 


PHILIPS 
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Heres a list of 
all backplane interconnection 


8 a & @ 
« 
@ 
S mnf{eerity issues 

1. Signal Reflection 

2. Crosstalk 

3. Propagation Delay 

4. Controlled Impedance 

5. Ground Bounce 


6. Switching Noise 
7. Electromagnetic Interference 
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Here’ a listo 
companies who address 


emall: 


1. ‘Teradyne 


FA ie Gi De 


Whether youre using LSI, VLSI or VHSIC...CMOS, ECL or Schottky, 
Teradyne’s systems approach will successfully address your 
signal integrity issues and meet your cost, reliability and time-to-market objectives. 
If signal integrity is really an issue with your backplane systems, 
call us today for more information. Teradyne Connection Systems, 
44 Simon Street, Nashua, NH 03060. (603) 889-5156. 


y ERADY NE; 


Connecting problem . . . and solution 
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New Du Pont GXT plating 
These magnified 


Cutaways of pins (shown in these microphotographs) prove GX] 
plating resists wear better than gold. After 25,000 mating cycles, 
note the minimal deterioration of the Du Pont coating. 

With GXT, a cycle life greater than 25,000 cycles is possible. 


Tests also show the GXT plating 

system is better than gold in solderability, 
porosity, bend ductility, and corrosion 
resistance. Yet GXT can reduce costs 

as much as 20%. 


Independent testing laboratories have proved that 
the Du Pont GXT plating system is superior 

to gold in wear resistance, solderability, porosity, 
environmental corrosion resistance and bend 
ductility. And is as good as gold in contact resist- 
ance and wire-wrapping performance. 


Moreover, connectors protected by this remarka- 
ble new coating system frequently cost considera- 
bly less than comparable parts plated with gold. 
For example, savings of up to 20% are possible 
on pins plated with GXT. (Savings depend on the 
price of gold and upon the amount of gold being 
replaced.) 


GXT is a trademark of the Du Pont Company. 
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GXT assures minimum 
contact resistance after wear 
and exposure to H.S 


By 25,000 cycles, gold shows contact resist- 
ance increases to 4,000 milliohms or higher. In 
contrast, GXT shows excellent electrical per- 
formance even after 25,000 cycles. 


outwears, outperforms gold. 


PLATING AFTER 25,000 CYCLES 


sitll 
is 


In these tests, other gold substitutes didn't meas- 
ure up to GXT, either. In porosity, solderability, 
intermetallic growth, bend ductility, internal stress, 
and manufacturing process stability, the GXT 
plating system clearly outperformed all other gold 
alternatives including other palladium-nickel and 
pure palladium coatings. 


In fact, in no test did any gold substitute— 
or gold itself—outperform GXT. 


GXT plating, an exclusive Du Pont development, 
is now available on Du Pont’s 0.025” square pins, 
including BergStik™ headers, BergPost™” and 
BergPin™ terminals, and compliant press-fit pins. 
Some industry leaders already have switched 
from gold to GXT to help improve the reliability of 
their products. 


If you require high reliability connectors, you're sure 
to want complete test results. They're yours for the 
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connector pins prove it. 


NICKEL PHOSPHOR-BRONZE 
4 a2 ge fe 


asking...along with sample pins for your own 
tests/inspection. 


Get all the facts! Order this free GXT 
Convincer Kit. 


Review results from 
independent test 
laboratories. Proof positive 
that GXT palladium-nickel 
plating outwears, 
outperforms gold. To 
request kit... 


Make the “= 


Call (800) 237-2374 = extension1i0o 


Or write The Du Pont Company, 
Du Pont Connector Systems, 
30 Hunter Lane, Camp Hill, PA 17011. 


DU PONT CONNECTOR SYSTEMS 
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READERS’ CHOICE 


Of all the new products covered in EDN’s July 10, 1986, issue, the ones reprinted here generated the most reader 
requests for additional information. If you missed them the first time, find out what makes them special: Just 
circle the appropriate numbers on the Information Retrieval Service card, or refer to the indicated pages in our 


July 10, 1986, issue. 


> ADAPTERS 


The Densepak line 
of adapters lets you 
mount pin-grid and 
surface-mounted 
VLSI devices on 
conventional wire- 
wrapped boards 
(pg 232). 

Augat Inc. 
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SOURCE 
KELVIN 


CURRENT 
SENSE 


POWER MOSFETs A 


The IRC530 and IRC830 HexSense de- 
vices incorporate built-in current-sensing 
circuitry that provides practically lossless 
source-current sensing (pg 56). 


International Rectifier Corp. 
Circle No 603 


A SCHEMATIC DESIGN 


Running on an IBM PC or compatible, 
the SDT schematic-capture program al- 
lows you to place parts, wires, text, and 
other objects on a screen via keyboard or 
mouse commands (pg 171). 

Orcad Systems Corp. Circle No 601 


A TAPE DRIVE 


The 5125E is a 125M-byte QIC-120 tape 
drive that occupies a half-height, 5%-in. 
package and provides downward compati- 
bility with QIC-24 (60M-byte) products 


(pg 53). 


Wangtek. Circle No 605 


A LITHIUM 
BATTERIES 


The TL-5261 and 
the TL-5268 pro- 
vide standby power 
for as long as 10 to 
15 years in applica- 
tions such as mem- 
ory backup (pg 200). 
Tadiran Electronic 
Industries Inc. 
Circle No 604 
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Single vendor convenience and 
accountability. . . Multi-vendor 
flexibility and savings. 

Introducing New Micro, the 
company dedicated exclusively 
to the integration of popular 
multi-vendor microprocessor 
development tools. 

A joint venture of both com- 
= panies, New Micro combines 
= ~=— the applications and systems inte- 
gration experience of ARS Microsystems, 


with the extensive in-circuit emulator design 
and manufacturing capability of Microtek, 
International, developer of the widely used 
MICE emulators.* 

New Micro does the work for you. We 
identify and integrate software from our own 
line, your host computer supplier and third 
party vendors. The result is a cost-effective 
system that’s tailored to your needs. A 
system that offers outstanding quality 
assurance because its debugging software 
enhances the diagnostic capabilities of its 
MICE emulators. 

The New Micro Solution... 

__Minimizes your time spent in locating 
and integrating programming tools. 

—Assures you the most effective combina- 
tion of software and hardware tools. 


*New Micro, Inc. is the exclusive U.S. distributor for Microtek International 


in-circuit emulators. 


NOTE: PC-DOS, MS-DOS, VAX/VMS, UNIX, CP/M-86 are trademarks of IBM 
Corporation, Microsoft Corp., Digital Equipment Corp., AT&T, Digital Research 
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Europe's leading development systems house, 


"HE INTEGRATED SOLUTION FOR 
MICROPROCESSOR DEVELOPMENT /DEBUG 


—Helps keep your development time and 
costs under tight control. 
— Maximizes your software development 
productivity. 
If your operating system is PC-DOS, 
MS-DOS, VAX/VMS or UNIX, New Micro 
can configure a system for your single user, 
networked or multi-user environments. A 
system that does the total job with Micro- 
tek’s emulation and debugging software 
for all popular microprocessors from Intel, 
Motorola, Zilog, National Semiconductor 
and other leading manufacturers. 
For an analysis of your system needs, or a 
demonstration of popular integrated debug- 
ging tools with your host system, call us. 


New Micro, Inc. 
16901 South Western Avenue, 
Gardena, California 90247 

(213) 538-5369 
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chomp. 


It’s going beautifully. 
From across the room you hear the data 
streaming through your computer printer. 
You check it ten minutes later find- 
ing your forty pages of data is 
just a half-page of garbage. 
Tractor failure. 


What this minor cat- 
astrophe points out is this: 
The modern business 
machine not only puts 
pressure on people to per- 
form, but it puts even 


whirr. 


homp, 


work. The unique polycarbonate 
composite we created is as easy to 
mold as it is dimensionally stable. 
Since it contains PTFE, not only is 
its lubricity built-in, but it also of- 
fers excellent wear resistance to the 
constant abrasion from paper dust. 
And, of course, its light weight is another plus. 


And there are as many success stories 
such as this as there are needs for LNP’s leg- 
endary expertise. Whether you’ re looking for 
plastic that’s easy to mold, 

or has low warp, or high 

strength-to-weight ratios, 
or is anti-static, or dis- 
sipates it. Or, yes, all of 
the above. The fact is, 
if we haven’t already 
solved your problem for 

someone else, we’ll be 
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greater pressure on its 

’ This paper tractor by Precision the first to solve it for you. 
moving parts 3 Handi 

andling Devices offers That i f lh 
Which explains why superior dimensional stability atis,a ter all, how 
: and excellent wear resistance we became number one. 
so Many Major manufacturers to paper dust abrasion. The sive 
reason? Virtually every part is To learn how LNP can 


of business machines are doing busi- 
ness with LNP. 


We’ ve been the world’s premier 
custom formulator of reinforced, lub- 


ricated and other modified engineering plastics 


virtually since the first ones were created. 


So when a paper tractor maker needed a 
composite to meet some very demanding re- 


quirements, the innovative minds at LNP went to 
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created from an easy-to-mold 
LNP polycarbonate composite. 


help you, pleasecallusat a . 


1-800-642-9606. Or write gam 


to us at 412 King a 
Street, Malvern, a 
PA, 19355, c 
for our in- | 
cw LNP 
tion : : 
kit. | ADVANCED PLASTICS, FROM INNOVATIVE MINDS. 
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Insulation displacement 
contacts 
for flat cables 


Shroud tin-plated 
ensures correct mounting 


insulation displacement 
contacts 

for round cables or 
discrete wires 


Spring clips on pin connectors 
ensure ground contact 
between the pin-contact and receptacle conn 


Electronic development engineers expect high e A variety of termination styles 

quality at low cost from modern connector systems. The connectors are available with terminals for 
For this reason high demands are made of the soldering, wave-soldering (straight and angled), 
various individual components. insulation displacement and crimping. 

With SBM 383 subminiature connectors Siemens SBM 383 connectors are compatible with all 


offers a wide range of economically priced products. | commercially available SBM connection systems 
and comply with the latest IEC draft standard 48B 
(Germany) 99 at requirement levels 2 and 3. With 
polyester as the insulation material, good tempera- 
ture stability is achieved. 


e Avariety of applications 
Applications for SBM 383 connectors are found in 


telecommunications, text and data processing, 
as well as in test engineering and instrumentation 


and control. They are employed as rack and panel Should you wish further information, please write to 
connectors, cable connectors and equipment Siemens AG, Infoservice 143/085, Postfach 2348, 
connectors. D-8510 Furth. 


A19100-N621-Z2-V1-7600 


Electromechanical components from Siemens 
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Integral one-step shielding. 
Very friendly 1/0. From AMP 


Round shielded 
cable terminates 
in just two steps. 
Optional insulation 
boot protects 
against ESD. 


AMP is a trademark of AMP Incorporated. 


Our latest idea in I/O: a good- already shielded, all ready to go. With economical one-step application. 
looking, hard-working shielded selective gold plating for high cycle Cost effective? No question 
connector that attaches to flat life, user-friendly design for easy about it: it’s from AMP. 
cable in a single operation. insertion, secure retention and Call (717) 780-4400 to find 

One step mass-terminates the simple release. out more. Ask for the 
cable, applies two-point strain Sensible? You bet: the shield- AMP SDL Information Desk. 
relief, and terminates the cable ing you need, in an economical AMP Incorporated, Harrisburg, 
shield to the connector shield. connector with unbeatably PA 17105-3608. 

Our Shielded Data Link connec- 


tor comes in a one-piece assembly, VN — Interconnecting ideas 


SDL connectors in Top or side entry 
4, 6, 8and | pcb receptacles. 
716 contact a | : Integral shunt 
configurations. a = S __-versions and side- 
Insulation-displacing ce ee oy — . entry versions 
design, built-in Cm » L = with offset 
oii aga and | ne oe ears 
eying. or close spacing 
: also available. 
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_ Imagine, for a moment, what it would be like 
to have infinite semicustom Ie resources at your 
fingertips. 

And to explore all custom and semicustom 
options, before committing to the best. 

That’s exactly what it’s like when you work 
with GE Semiconductor. 

No matter which leading workstation you 


use—TEGAS™ Daisy" FutureNet® Mentor Graphics” 


or P-CAD® —GE can supply design kits with the 
MSI and LSI functions you're familiar with. And with 
compatible outputs for fast GE prototyping. 

You can attend GE training classes and 
experience the latest developments in silicon com- 
pilation, standard cells, gate arrays and workstation- 
based design. (While you're at it, you can evaluate 

GE capabilities. And get to know some very capable 
GE people.) 

You can have your choice of a wide range of 
solutions. Use 4- and 2-micron and VHSIC- 
compatible CMOS gate arrays or standard cells. 
Work with our extensive hard, soft and flexicell 
macro library. And add RAM/ROM/2900 
megacells. 

With access to fast-turn Laserpath Quick- 
Chip’ prototypes and GE production, you can cut 
fabrication time on your gate array from the typical 
6 to 8 weeks to under 1 week. 

With our 2-micron and VHSIC- compatible sili- 
con compilation technology, you'll have ultimate 
control over CMOS designs that push the limits of 
today’s CAE tools. 


GE and eB are registered trademarks of General Electric Company, U.S.A.. Other computer and software names identified by ® or ™ are tradenames and/or trademarks of their respective manufacturers. 


o design your 
est semicustom ICs, — 


and let yourself go. 
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All things considered, you'll spend more time 
working on solutions, less time worrying about sup- 
port and design limitations. 

Here’s an example. Let’s say you come to GE to 
design a gate array and decide, later, that you need a 
standard cell. 

No problem. We've made the conversion of gate 
arrays into standard cells a pushbutton process. 
When one of our customers took us up on this 
recently, he not only improved his chip’s speed, he 
reduced costs 50%. 

By the way, we've also been working on being 
easier to work with. 

That’s why we're opening new Design and 
Application Centers from Minneapolis to Munich. To 
go along with our centers in Cupertino, CA; Research 
Triangle Park, NC; Boston; Dallas; Los Angeles; 
Paris and Basingstoke, U.K. Each is fully staffed with 
GE field application engineers. 

To get in touch with one of our design centers or 
application engineers, call 


1-800-4GE-SEMI, ext. 201. 


(In NY State, 1-800-2GE-SEMI, ext. 201.) 

Then bring your design ideas to GE Semi- 
conductor. And watch what happens when you let 
yourself go. 
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IBM PC-based 


software for 


CAE and CAD 


Imost any CAE or CAD task that you can 
. perform on a 32-bit workstation, a minicomput- 
r, or even a mainframe, you can perform on a 
computer. The software packages available for 
M PC and compatible machines let you capture a 
ematic, verify a digital circuit, and simulate an 
analog circuit. For pc-board designs, you can generate 
the final artwork for your layout; for semicustom ICs, 
you can create a net list for transmission to a foundry 
(Ref 1); and for PLD de- 
signs, you can create a 
JEDEC list for a device 


“se 


The software listed in the table—and, indeed, almost 
all personal-computer-based CAE/CAD software—is 
written specifically for the IBM PC and compatible 
computers (Ref 2). You can, however, find some de- 
sign-automation software for PCs that don’t accept the 
IBM PC format. For example, a number of programs 
for logic and circuit simulation, pc-board layout, and 
even semicustom-IC design are available for Apple’s 
Macintosh personal computer, and a smaller number of 
CAE or CAD packages 
are available for other 
personal computers (see 


programmer. 

In fact, now that CAE/ 
CAD programs are avail- 
able for every stage of 
automated design—from 
schematic capture to final 
spec—the PC can prove 


Using just an IBM PC or compatible com- 
puter, you can take most designs from a set 
of schematics to a final spec. The design- 
automation software available for the PC 1s 
considerably less expensive than comparable 


box, “CAE/CAD pack- 
ages for non-MS-DOS 
personal computers”). 
CAE/CAD programs 
for personal computers 
fall into two basic catego- 
ries: 


to be the most useful ma- 
chine you can own for 
CAE and CAD. Even though mainframes and 32-bit 
workstations run faster and provide more memory than 


personal computers do, engineers must often share 


access to these expensive machines, so a given CAE or 
CAD task can take longer to run on one of these 
machines than on a PC. 

Furthermore, in comparison with CAE/CAD pro- 
grams written for workstations, CAE/CAD programs 
for personal computers are eclatively inexpensive. Con- 
sider, for example, Case Technology’s schematic editor: 
For IBM PCs it costs $5200, yet it costs $8900 for 
MicroVAX IIs, and $12,500 for VAX computers. To get 
an idea of the wealth of IBM PC-compatible software 
you can choose from, consult Table 1 on pg 176. 
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software for mainframes or workstations. 


specialized pro- 
grams and integrable 
programs. Specialized 


programs are CAE/CAD programs that require trans- 
lators before they can use input from or send output to 


programs that perform other design steps. For exam- 
ple, the output from a specialized schematic-capture 
program must be translated before it can be used in a 
layout or logic-simulation program. Integrable CAE/ 
CAD packages, on the other hand, comprise programs 


(such as schematic editors, simulation programs, and 


layout programs) that work together smoothly without 
the addition of translators. Integrable programs can be 
sold separately or together. 

As you might expect, integrable programs cost con- 
siderably more than do specialized ones. For example, 
CAE-1, an integrable schematic editor from Personal 
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Personal computers can be the most powerful tools available to you 
for CAE/CAD tasks. Although they’re slower and offer less memory 
than minicomputers or mainframes, you needn’t share them with 
other engineers. To help make the PCs’ power work for you, CAE 
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functions ranging from schematic capture to pc-board layout. (Photo 
by Fred Vanderpoel, courtesy Case Technology) 


If you have to share access to a minicom- 
puter for CAE, you'll spend more time 
running design tasks on the powerful sys- 
tem than you will on a PC. 


Inexpensive schematic-capture programs like OrCAD’s SDT pro- 
vide such features as color graphics, symbol rotation, rubberbanding 
of interconnections, and symbol libraries. 


CAD, costs $4950; a typical specialized editor such as 
Schema (from Omation) costs $495. To distinguish the 
integrable programs listed in Table 1 from the special- 
ized ones, consult the bulleted columns for the different 
phases of automated design. Vendors that sell inte- 
grated packages offer programs in several different 
categories, such as schematic capture, logic simulation, 
and layout. Vendors that sell specialized programs 
generally offer a program in only one category. 

Which kind of program you require depends on the 
complexity of the designs you want to create with it. 
For circuits of moderate complexity, you can use spe- 
cialized programs to perform the different steps of 
automated design. To determine whether a particular 
specialized program will be able to handle your designs, 
you should use the program to run a benchmark on a 
circuit of the same complexity as the ones you'll be 
designing. 

At the extreme low end of the price range for 
specialized packages is Advanced Microcomputer Sys- 
tems’ $100 PC-Scheme schematic-capture package. PC- 
Scheme features a 1000-component library that in- 
cludes TTL and CMOS ICs, wPs, and discrete devices. 
The program can generate net lists, wire lists, and bills 
of materials. The company also offers a $200 Palasm 
compiler that translates schematics into fuse maps for 
PLDs. 

Other inexpensive schematic editors include Orcad’s 
Schematic Design Tools (SDT) and Omation’s Schema, 
which each cost $495. Orcad’s SDT lets you move, 
rotate, replicate, and delete schematic symbols. The 
program provides hard-copy output in worksheet sizes 
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Microwave and RF designers can use the PC-based version of 
Compact Software’s Supercompact to analyze and optimize circuits 
that must operate at frequencies as high as 26 GHz. 2 


A to E. The package provides a hierarchical schematic 
organization and allows for rubberbanding of wires, 
buses, and blocks. Color displays and 45° interconnec- 
tions are standard features. Although Orcad offers only 
schematic capture in its SDT package, the company can 
provide you with translators to workstation-based pc- 
board layout packages, including those from Cadnetix, 
Calay, Computervision, Racal-Redac, Scientific Caleu- 
lations, and Telesis. 


Integrable packages 


For complex design projects, you'll need an integra- 
ble package. Although specialized CAE and CAD pro- 
grams can often accept input from or provide output to 
programs from other companies (Viewlogic’s Workview 
system, for instance, interfaces to seven different pc- 
board CAD packages), such programs can’t provide 
automatic back annotation (updating schematics with 
changes made during layout), as integrable programs 
can. For example, although it’s possible to create a 
design on Orcad’s SDT and transfer it to Racal-Redac’s 
Visula CAD system, you'll find it much easier to main- 
tain your database if you enter your schematic on 
Racal-Redac’s PC-based Visula CAE system and then 
transfer the design to the company’s Visula CAD 
System. 

Visula CAE and Visula CAD use a common database 
structure; back annotation is automatic. The Visula 
CAE package uses Relational Database Systems’ (Palo 
Alto, CA) Informix package, which ensures that every 
step of a design uses the same data. Visula CAE’s 
schematic-capture program includes an on-line electri- 
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Specializing in solving numerical-analysis problems, the MathCAD 
program from MathSoft lets you edit mathematical equations in the 
same way that you edit text. 


cal-rule checker. This feature finds such errors as 
overloaded outputs. To use Visula CAE, you need an 
IBM PC/AT or compatible computer and the 32-bit 
plug-in coprocessor board from Opus Systems (Cuperti- 
no, CA). The price for Visula CAE starts at $10,000. 
The package isn’t just a schematic-capture program, 
however: It also includes HHB Systems’ Cadat logic 
simulator. 

Whether you choose a specialized or an integrable 
schematic editor, don’t forget to consider the program’s 
method of graphic-data storage. A schematic editor can 
store graphics data in vector or bit form; which kind of 
package you choose will depend on your application (see 
box, “Vector- vs bit-based graphic-data storage”). 

For logic simulation on personal-computer-based 
CAE systems, you'll find a number of programs based 
on HHB Systems’ Cadat. Like Racal-Redac, Future- 
Net offers Dash-Cadat (a modified version of HHB’s 
Cadat) that links smoothly with the company’s Dash-4 
schematic editor. It requires an Opus coprocessor 
board. 

You don’t need a coprocessor board, though, to use 
Case Technology’s Case/Cadat, a modified version of 
HHB’s Personal Cadat package, which runs under 
MS-DOS. Because of the memory restrictions of 
MS-DOS, Personal Cadat can model only 3000 simulator 
primitives. For most pc boards or ASICs, however, this 
limitation shouldn’t be a problem. You can model VLSI 
components with Personal Cadat—the package includes 
an interface to HHB Systems’ Cats Dynamic Hardware 
Modeler, which lets you interface actual devices to a 
logic simulation. Case lists the program for $4250; you 
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Select a component.... 


All PLD programmers accept output from Personal CAD’s PC- 
CUPL, a program that integrates schematic capture and PLD logic 
synthesis. 


can also buy the program directly from HHB Systems. 

Like most PC-based CAE/CAD functions, logic simu- 
lation is now available in low-cost packages. Logic 
simulation is included in Visionics’s $975 EE Designer 
package, which also provides schematic capture and 
interactive pc-board layout. The digital simulator fea- 
tures a 150-component library that includes gates, 
flip-flops, counters, buffers, decoders, and RAMs. The 
simulator uses 12 signal levels; you can force signals to 
predefined states or initialize elements randomly. 

PLogic, from E/Z CAD, is another digital simulator 
that features a low price tag. The $1400 package is a 
switch-, gate-, and functional-level logic and timing 
simulator. Logical elements in the simulator’s library 
include CMOS n- and p-channel devices, weak and 
strong gates, 3-state elements, ROMs, RAMs, PLDs, 
multiplexers, counters, and flip-flops. Among the pack- 
age’s interactive capabilities are incremental compila- 
tion, a save-and-restart function, and transparent 
MS-DOS calls. 


Libraries for analog pc-board design 


The PLogic simulator comes with MicroSim’s PSpice 
analog circuit simulator at no extra cost. PSpice imple- 
ments the Spice circuit-simulation program on IBM 
PCs and compatible computers. The program features 
de, transient, and ac analysis. It also calculates noise 
behavior as a function of frequency and measures 
circuit response as a function of temperature. Other 
PC-based Spice programs (Ref 3) also simulate cir- 
cuits, but PSpice is particularly useful to pc-board 
designers because it contains an extensive library of 
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An analog-circuit simulator assists pe-board 
designers only if it provides models of such 
devices as transistors, diodes, comparators, 
and op amps. 


bipolar, MOS, and GaAs transistors, diodes, compara- 
tors, and op amps. MicroSim sells the package for $950; 
you can purchase the program as a part of an integrable 
CAE/CAD package from FutureNet, Personal CAD, 
Case, Viewlogic, and Aptos, as well as from E/Z CAD. 

As with all other PC-based CAE packages, analog 
simulators range widely in price. At the high end (both 
in price and in speed) are packages from Analog Design 


- Although the vast majority of — 
CAE/CAD packages for cd 
- computers run only on IBM PCs 
and compatible personal comput- 
ere, CAE/CAD software is also 
available for other personal com- 
s. Most of the design-auto- 
mation software available for 
. these other computers is written 
for Apple Computer Inc’s Ss 
- Macintosh. 
However, although the Macin- 
_ tosh’s ability to handle graphics 
- would make the system ideal for 
_ CAD, the computer’s lack of a 
system bus has so far discour- 
_ aged many engineers from using 
> computer for CAE/CAD ap- © 
plications. Because you can’t add 
_. lug-in cards to a Macintosh, 
an’t use any monitor ‘other 
| he Macintosh’s built-in © 
| Sin, (diagonal) black-and-white 
- gsereen. The lack of a system bus 
also prevents you from adding 
such capabilities as coprocessor 
boards and extra memory. Apple 
isn’t unaware of the need for a 
system bus, however; a Macin- 
tosh with an open bus is due i in 
the near future. | 
In any event, ecccan | 
_ software companies are current- 
ly selling design-automation pro- 
grams for Macintosh. For _ 
_ Magee you can simulate logic 
on the Macintosh by using Digit- 
D Macroseope from Advanced 
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CAE/CAD packages for non-MS-DOS personal comp 3 | e rs [ : 


Engineering Solutions (Boulder, 
CO). This $1000 package, the 
second program in the compa- 
ny’s Paragenesis series of CAE 
software applications, simulates - 
digital circuits at the gate and 
functional levels. / 
The logic simulator’s 12-state 
logical mode identifies true, 
false, strong, weak, conflicting, 
high-impedance, and undefined 
logic states. What’s more, the 
program features a physical 
mode, which evaluates rise and © 
fall times of gate outputs, and a 
parametric mode, which moni- | 


Macintosh users can | create and trantfer NIC-drill instructions directly by using . 
a? Graphics’ Quik Circuit pe- -board et Si pent 


Tools, Daisy, and Valid. The PC Workbench, from 
Analog Design Tools, features test-instrument func- 
tions that simulate laboratory setups. The $12,500 
package includes software and the required Opus co- 
processor board. (Because both PC Workbench and the 
simulator from FutureNet run on this coprocessor 
board, you can link the two packages.) A 50-member or 
500-member device library and a reliability-analysis 


tors power consumption in a 
network, | _. 
DesignScope, an analog: 
simulator from Brain 
(Calabasas, CA) comp ements — 
the Digital Macroscope digital- 
_ circuit simulator. The $250 ana- _ 
log simulator, which runs on 7 
_ Macintosh, lets you assign pa- 
rameters to electronic blocks and | 
assemble the blocks into a sche- — 
matic diagram. | 
Analog component bbc. 
available in DesignScope include 
- amplifiers, comparators, filters, 
_ phase-locked loops, voltage _ 
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package are optional. The $6000 reliability analyzer 
lists power dissipation, voltage, current, and junction 
temperature for all circuit elements. Using this pro- 
gram, you can spot overstressed components before 
you build your circuit. 

Like the PC Workbench, Valid’s Analog Designer AT 
requires an Opus coprocessor board. The package also 
includes test-instrument functions; it can emulate a 


function generator, an oscilloscope, and a network 
analyzer. Including a PC/AT, a 15-in. color monitor, a 
coprocessor board, and software, the package costs 
$31,950; you can purchase just the software for $10,500. 


Coprocessor boards aren’t necessary 


Unlike the high-end analog-design packages from 
Valid and Analog Design Tools, Daisy’s Personal Analog 


_ sources, eo differentia- _ 
tors, and rectifiers. In addition, © 
the package provides models of _ 
_ log-exponential amplifiers, multi- 
pliers, peak detectors, sample/ 

hold circuits, delay lines, noise 
generators, and transient gene- 
-_ yators. For digital designs, the 
_ package offers logical functions _ 
_ such as OR, NOR, NAND, AND _ 
and XOR gates; flip-flops; fre- 


- quency dividers; and one-shots. 


Board and chip layouts : 
. After you’ve completely simu- A 
_ lated the digital and analog | 
| parts of your design, you can 
- * use your Macintosh for soit 
Vamp (Los Angeles, CA) and - 
_ Bishop Graphics (Westlake Vil- 
lage, CA) each offer pe-board 


| CAD packages for the Macin- 


tosh. Although these companies © 


provide only interactive layout 
at present, both will introduce 


-_pe-board autorouters in the near 
future. — 7 
sishop Graphics’ Quik Cireuit 
is a pe-board CAD system that _ 
 . le s you use a mouse to enter — 
and edit pe-board layouts. You 
ean create prints either in 
black and white on Apple’s. s 


: nagewriter printer or in color 
n optional pen plotter. 

h > current release of the” 
kage handles sare ed 


_ oy - hnology and contains a shape 


__ intosh, you can purchase the. 
software for $695. The pen plot- 
ter starts at $1315. 
Vamp offers three CAD pack- 
ages for the Macintosh: MeCAD © 
PCB, MeCAD Metric/SMT, and _ 
- McCAD Schematics. As their _ 
_ names suggest, Schematics and 
PCB p . operate under CP/M-80 or | 
_ TRSDOS, you can use BV Engi- _ 
 neering’s software to simulate 
analog: circuits and solve control- 
engineering problems. The com- _ 
_pany’s programs include network © 
= analysis, signal processing, ac- 
- tive-filter design, and thermal 


: i of circuit traces and © : 
pads. You can use the ee 
to design boards as large as" 
82x32 in? and grids ranging 
from 0.001 to 1 in. Se ietina ¢ the 
_ Macintosh, Quik Circuit costs 
$4300. If you already own a Mac- | 
_ CADCD logic-minimization ae S 
age on Apple’s Ie and IIc con 
puters (as well as on IBM PCs 


provide schematic capture 


a and interactive pe-board layout, — 
_ respectively. Metric/SMT en- 
hhances the PCB package’s facili- . 
ties by providing libraries of __ 
metric and surface-mount com- - 


ponent shapes. 
‘Using the MeCAD —— 


package, you can view as many 
as six board layers simultaneous- : 

ly. The package doesn’t require 
_ you to view all six layers, how- — 
ever} it lets you select the layers 
that you need tosee. McCAD 
_ Schematic and PCB cost $395 
each. Metric/SMT, which in- 
— ades PCB, costs $595. 


You: ean also find semicustom- 


; . tee ee into gate-array 2 
_ and standard-cell designs. _ 


_ A few CAE/CAD programs © 


7 are available for systems lee 


than the Macintosh and IBM | 


PC. For example, you can run 


_ Logieware’s (Chandler, AZ) 


and compatible computers). The . 

«$59. program finds minimized — 
_ functions for as many as eight _ : 

_ JK or D flip-flops. — 


On personal computers that 


_ analysis. ‘These programs also 


run on PCs and compatible com- = 


puters. Each program costs $73 : 


_ for most computers. 


A few pe-board design pro- oe 


grams exist even for the 520ST 
and 1040ST from Atari. Abacus | : : / 
 Software’s (Grand Rapids, MD 
_ PCBoard Designer features 45° : 
_ sand 90° routing; multiple trace 
x C design programs for the Mac- ) pin, 
-  intosh. The $4995 ASCYN pack- - 
age from Algorithmic Systems 
Corp (Braintree, MA), for exam- 
eos signs algorithms — 


widths; routing from pin te 5 a . 


: . pin to bus, or bus to bus; and i : 
: or 2-sided boards. You. select and 
_ ce: components with a mouse. : 


_ The program costs $395. 
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Documentatwin packages that interface to 
CAE systems let you embed schematics and 
simulation waveforms within reguons of de- 
scriptive text. 


Because it transfers data via an Ethernet LAN, Cadnetix’s CDX- 
3000 accelerates communications and prevents traffic problems 
among PC's and a network server. 


workstation doesn’t require a coprocessor board. A 
coprocessor board isn’t necessary because the company 
implements its DNIX operating system directly on the 
PC/AT’s 80286 wP. Included in the $33,000 package are 
the company’s analog simulator (DSpice) and a PC/AT 
with 3.25M bytes of RAM, a 20M-byte hard-disk drive, 
and an 80287 math coprocessor chip. 

The low end of the price range for analog-design 
packages includes programs such as Spectrum Soft- 
ware’s Microcap and Intusoft’s IS_Spice. Microcap 
_ costs $475; it includes a PC-based version of Spice and a 
device library that contains bipolar and MOS transis- 
tors, op amps, transformers, and diodes. The program 
doesn’t target only PC users; it runs on Apple II, 
HP-150, and Macintosh computers as well. IS_Spice is 
an implementation of Spice that costs $220 (including a 
preprocessing program). The program can simulate as 
many as 200 circuit nodes. Its device library models 
active and passive components. 


CAE for specialized circuits 


Besides finding low-cost PC-based packages that 
perform schematic capture, logic simulation, and other 
general design tasks, you can find some CAE programs 
that help you design specialized circuits, such as filters 
and microwave boards. For example, to decrease the 
time you need to design filters, you can use the $750 
Filter program, which California Scientific has just 
introduced. For microwave-circuit design, you can use 
CAE packages from such companies as EEsof and 
Communications Consulting. 

After you’ve performed schematic capture and veri- 
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fied your design, and before you proceed with layout, 
you should document your work. At the very least, you 
should plot your schematics and print your stimulus 
vectors and simulation results so that your test engi- 
neer will know how you developed your test vectors. 

Instead of simply printing out your schematics and 
test vectors, you can add comments to your printout by 
using a documentation package. Documentation pack- 
ages that interface to CAE systems let you embed 
schematics and simulation results (waveforms) within 
regions of descriptive text. Such companies as Case, 
Viewlogic, and Mentor include documentation packages 
in their PC-based CAE software. 

You can use Ventura Software’s (Morgan Hill, CA) 
Publisher, for instance, to document a design that you 
have created on Mentor’s PC-based Entry Station. 
Publisher lets you combine text and schematics from 
the Entry Station database. You can generate the text 
with a word-processing program such as Wordstar or 
Multimate. Publisher also accepts line art from graph- 
ics packages like AutoCAD and Lotus 1-2-8. Because 
the documentation package lets you expand or shrink 
the size of your schematic drawing, you can run text 
alongside your drawing as well as above and below the 
drawing. 

Although every circuit requires the schematic-cap- 
ture, simulation, and documentation steps, your next 
step will depend on your circuit’s physical implementa- 
tion. For instance, if you’re designing an ASIC or a 
PLD, you won't need layout software. For a PLD, you 
just need to blow the fuses on your device; for.an ASIC, 
you can let your foundry lay out the chip. 

You can, however, find specialized software packages 
that let you use a PC to reduce logic equations for PLDs 
or reduce logic in gate arrays. These techniques im- 
prove both types of circuits. For PLD applications, a 
PC-based program like Personal CAD’s PC-CUPL can 
ease your design problems. PC-CUPL consists of the 
companys CUPL design program, a library of PLD 
symbols, and an interface between the company’s PC- 
Caps schematic editor and CUPL. CUPL minimizes 
logic and generates JEDEC fuse lists for all PLD 
programmers. The $1895 package handles all PLDs, 
including PALs, erasable PLDs, and PROMs. (Inciden- 
tally, if you’ve never designed a PLD, you may want to 
use Personal CAD’s PAL Starter Kit, which can help 
you learn how to program these devices. The $50 kit 
includes four PLDs, a handbook, and an abbreviated 
version of CUPL.) 

FutureNet, which offers a PLD design package 
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»B>Commana: End-to-end PCB CAD ata reaso 


It’s the first rule of electronics: 
Function goes up and price comes 
down. Now, Aptos gives you big 
system design tools at small 
system prices. 

The AT Powerstation. One engi- 
neer, one workstation. That's the 
objective. Aptos makes it affordable. 
Schematic and PCB layout design, 
library management, logic simula- 
tion with nine states, plotter outputs, 
you name it. All on a PC-AT. 

The money machine. The Aptos 
system is so powerful that it’s easy 
to learn and use. Which means you'll 
be designing better boards faster. 
Nobody needs to tell you that time 
is money. 

Horsepucky? We'll put our money 
where our mouth is. If youre thinking 
about a PCB CAD system, call us. We'll 
come running with the Aptos System. 
Benchmark us against those guys 
who say they want to be the “bench- 
mark.” or, against the big guys who 


nable price. 


©2999 99999999909 


want to sell you a crippled system 
now, and their real system later. We'll 
give you a hands-on demonstration 
of the Aptos System...and let the 
chips fall where they may. 

Just getting your toes in the water? 
Swell. Circle our Reader Service Card 
number. We'll send you an informative 
booklet: ‘How to Buy CAD/CAE for 
Personal Computers.” Free. Or send us 
your check or PO. for $25 (refundable 
with your first purchase). We'll send 
you our VCR tape, “How to buy CAD/ 
CAE” Make your own comparisons. 
Then call us for a free demonstration. 
Your place or Ours. 


APLOS SYSceEMS 


Aptos Systems Corporation 
4113 Scotts Valley Road 
Scotts Valley, CA 95066 USA 
Phone: Collect (408) 438-2199 
TELEX: 3710387 APTOS SYS 


In the U.K., Telex Chiptech: 267107 CHIPALG « In France, Telex Tekelec Airtronic: 204552 TKLEC - In Italy, Telex Electronucleonica: 332033 NUCLEO I « In Asia, Telex SPI: 4997020 SPIUS 
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You don’t have to transfer every layout to a 
32-bit workstation; you can now lay out 
moderately complex designs on PCs by 
using automatic-layout software tools. 


that’s similar to PC-CUPL, has recently introduced a 
product that applies logic-reduction techniques to gate- 
array design. This package, the $24,995 Dash- 
Semicustom Development System, comprises a sche- 
matic editor, a logic-analysis program, a logic 
simulator, and device libraries from a number of 
foundries. 


You use the gate-array design package to create a 
design by entering your logic in schematic, truth-table, 
state-diagram, or Boolean-equation form. The logic- 
analysis program minimizes the number of gates that 
you need to implement your design. The software then 
factors the logic to fit the target device. Once you’re 
satisfied with the logic design, the package converts 


- Vector- vs bit-based graphic-data storage 


Graphic data can be stored on a 
monitor either in vectors or in 
bits. A vector-based display file 
stores the starting and ending 
point of a line; a bit-based dis- 
play file stores every pixel in a 
line. On a bit-based display, 
therefore, an AND gate would 
look exactly like one a draftsman 

would draw, as in Fig Aa. On a 
vector-based display, an AND 
gate would look like the one in 

Fig Ab. 

In addition to displaying sym- 
pols and letters more accurately, 
bit-based schematic-capture 

| packages are easier to use. You 
- ean pan smoothly across a bit- 

_ based drawing. You can also 
move a symbol smoothly in a 
rubberband mode. Bit-based dis- 
plays can’t handle complex draw- 
ings, however: Storing the state 
of every pixel of such a drawing 
overwhelms the 640k-byte mem- 
ory capacity of a PC. The usual 
- memory limit of the IBM PC— 

_ 640k bytes—is rarely adequate 

for a bit-based pc-board layout. 
Unlike a bit-based display, a 

vector-based display doesn’t pan 


smoothly; it redraws itself. Simi- 


larly, a vector-based display can 
rubberband a component, but in- 
stead of letting you move a com- 
ponent smoothly, the display re- 
_ draws the schematic after you’ve 
_ moved the component. Vector- 

based a erlae are useful, how- 
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(a) 


(b) 


Fig A—The bit-by-bit description of the 
AND gate in a gives the symbol a smooth 
appearance; the group of vectors that de- 
scribe the AND gate inb produce a more 
crudely drawn symbol. 


ever, for complex drawings— 
particularly for pce-board layouts 
—hbecause they store only the 
beginning and ending points of a 
line segment and thus don’t 
overwhelm the memory capacity 
of the PC. 

Although curves pole cruder 
on vector-based displays than on 
bit-based displays, vector-based 
displays actually store descrip- 
tions of arcs more accurately 
than bit-based displays do. A 
vector description of an arc is a 
pair of endpoints and a radius of 
curvature; a bit-based record re- 
quires a series of pixels. A 


photoplotter can plot the contin- 
uous curve provided by a vector 


description as a smooth trace; 
the resolution of a bit-based — 


photoplot, however, can only be | 
as good as the resolution of ee : 


display. 


This distinction—between 
rows of dots and continuous 
traces—is usually unimportant 
as long as you’re drawing 
straight lines. When you’ re 
drawing the ares required for 
analog pe boards, however, the _ 
distinction is crucial. For analog 
pe-board design, therefore, 
you'll require vector-based dis- 
plays. 

If you’re using your design-au- 


_tomation system for CAE—docu- | 


mentation, net-list generation, 
and simulation—you’ll want to 
use a bit-based package, which 
provides convenient tools and at- 
tractive documents. if you're 
using your system for CAD—pc- 
board or chip layout—you’ll want 
to select a vector-based package, — 
which provides slightly less at- 
tractive documentation, but pro- 
duces layouts. | 
Finally, you have a third op- 
tion. You can choose a software 
package that combines the best 
features of vector storage and 
bit storage. Such packages (Per- 
sonal CAD’s CAE/CAD pack- 
ages, for example) use vector 


storage to record lines that you 


enter but store characters and 


logical symbols in a ashore 


file. These programs provide - 
documentation that looks about — 


as good as that of bit-based : 
packages, but they can still pro- 


duce ao efficiently. 
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Put yourself on the 
right track with CAD 


Computer-aided design. 
Until recently, it con- 
jured up images of 
massive, room-sized 
computers and engi- 
neers in white lab coats. 
But a few years 
ago, AutoCAD® changed 
all that. With a soft- 
ware package that 
turned the per- 
sonal computer 
on your desk 


into an easy-to-use elec- EL, 
tronic drawing board. 
For everything from 
PC boards to shopping 
centers. Tooling to top- 
ographical plans. 
Technical illustra- 


tions. Facilities y, 


i 


aN aie aed sade al ad es 


Ce eee Fee 8 8 ee ee ee 


layouts . ha — ae < = 6 4 a ey, 


Even #4-6-4 
Hudson | 
model railroad trains. 

Now AutoCAD is even better. 


Introducing AutoCAD 2.5 

Of course, the newest version of 
AutoCAD still has all the features that 
made the original the industry standard. 
Accuracy, Power, and Versatility. 

But now, there are improvements all 
down the line. : 

For example, AutoCAD performs most 
PAN and ZOOM operations five to ten 
times faster than the previous version. So 
design and redesign are faster than ever. 

There is also a wealth of new com- 
mands for creating ellipses, doughnuts, 
and polygons. And new editing commands 
that let you STRETCH, TRIM, EXTEND, 
ROTATE, SCALE, and EXPLODE objects. 

The result? A powerful electronic 
drawing tool that lets you concentrate on 
the drawing, and not on the electronics. 


Feel Comfortable at the Controls 
Never used a computer before? 
AutoCAD’s easy-to-use menus guide you 
from action to action. You can even create 
your own menus. And use an on-line 
“HELP” command if you get stuck. 


Drawings Courtesy of Little Engines, Inc. 


Save hours of drafting time. 
Draw frequently used diagrams just once 
and re-enter where needed. 


What if you have second thoughts, or 
make a mistake? AutoCAD’s new, sweeping 
UNDO capability lets you erase what 
you've done—so you have total freedom to 
draw and experiment. 

There are also enhanced customiza- 
tion features. Support for over 30 different 
microcomputers (as well as several 32-bit 
UNIX-based systems). Even support for the 
new IGES standard, to let you easily and 
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accurately translate drawings between 
AutoCAD and most other CAD systems. 

All of which combine to make the new 
AutoCAD fit more neatly and comfortably 
than ever into the way you're used to 
working. 

How to Get on Board 

For a demonstration of AutoCAD 2.5, 
or any of our other products, call or write 
us for the name of the dealer nearest you. 

Call us too if you want the location and 
telephone number of your nearest 
AutoCAD Authorized Training Center. 

We'll make sure you get headed down 
the right track. 


AUTOCAD" 


AUTODESK, INC. 
2320 MARINSHIP WAY 
SAUSALITO, CA 94965 

(800) 445-5415 
TELEX 275946 ACAD UD 


For circuits of moderate complexity, you can 
use specialized programs to perform the dif- 


ferent CAE and CAD steps; for complex 
circutts, you'll need integrable programs. 


the final logic to a new schematic diagram. 

The package lets you simulate the logic in either of 
two ways: You can use the Cadat logic simulator or you 
can use the package to simulate the logic by building a 
prototype. Using the logic equations that the gate- 
array-design program develops, the logic-synthesis 
program partitions the logic into a set of PLD equa- 
tions. You can use these PLD equations to develop a set 
of PLDs that simulate your gate array. 


PC-board layout 


If your design is a pe board of moderate complexity, 
you can use CAD tools to perform layout yourself. 
Note, however, that PCs don’t yet have the power to 
route very complex boards automatically. The IBM 
PC’s standard 16-bit address bus, which transfers data 
more slowly than a 32-bit bus, and its operating system 
(MS-DOS), which allows for only 640k bytes or less of 
memory, can’t handle very complex designs. Fortu- 
nately, you can find a number of ways to circumvent the 
limitations of the 16-bit uP bus and MS-DOS. 

One way to lay out complex boards is to transfer the 
data for these designs (via Ethernet) to a 32-bit work- 
station. Although you may require a specialized router 
(instead of an integrable one) to perform the layout 
task, you don’t have to commit yourself to using a single 
pe-board layout system: Integrable CAE packages usu- 
ally let you interface your PC database to a variety of 
specialized pce-board layout systems that run on work- 
stations. Viewlogic’s Workview package, for example, 
interfaces to turnkey (hardware/software) layout sys- 
tems from Racal-Redac, Scientific Calculations, Calay, 
Automated Systems (Brookfield, WI), Intergraph 
(Huntsville, AL), Telesis, and Computervision. 

Certain CAE packages can reduce the problem of 
maintaining applications and databases on different 
machines. For example, Case’s Vanguard CAE/CAD 
package comes in a number of versions for different 
computer systems; the different versions use the same 
menu format and the same database structure. The 
package lets you transfer your project’s database easily 
among different machines. Vanguard runs on PCs, 
DEC VAX and MicroVAX computers, and Sun work- 
Stations. 

An alternative to transferring large projects to a 
32-bit workstation is to plug the 32-bit 532 Personal 
Mainframe coprocessor from Opus Systems into your 
PC; the board lets you use a PC/XT, PC/AT, or 
compatible computer as a 32-bit workstation. As men- 
tioned, a number of CAE/CAD software vendors, in- 
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cluding FutureNet, Racal-Redac, Valid and Analog 
Design Tools, offer tools specifically for PCs that con- 
tain the Opus board. In addition to accelerating simula- 
tions on the PC, the 582 enables PCs to run Unix-based 
applications. The Opus board costs $2995. 

Another way to increase your computing power is to 
use a PC/AT with an operating system that can access 
more memory than does MS-DOS. MS-DOS-based soft- 
ware packages, after all, don’t take advantage of the 
power of the PC/AT’s 80286 wP; these packages main- 
tain compatibility between the PC/AT and the 8086- 
based PC and PC/XT, but they don’t afford you enough 
memory to perform complex designs. 

Daisy’s Personal Logician AT workstation, however, 
can handle complex designs. This turnkey package 
implements the company’s DNIX operating system 
under the 80286 wP’s protected mode. This mode of 
operation lets DNIX run in a native mode and elimi- 
nates the usual restrictions on the performance of a PC. 
Unlike PCs that run under MS-DOS, the Personal 
Logician AT can access 3.25M bytes of RAM and a 
140M-byte hard disk. 


Software lets you lay out ICs and pc boards 


For many layouts, however, a basic IBM PC or 
compatible machine will be sufficient; you can find a 
number of automatic pce-board layout tools for PCs that 
can handle boards of moderate complexity. Personal 
CAD’s PC-Route autorouter, for example, can handle 
boards that contain as many as 6000 pins, 1000 nets, and 
000 components. PC-Route differs in one significant 
way from programs that run on more powerful ma- 
chines: It costs $5000. 

Another PC-based autorouter, Case’s CT2500, also 
features a low price. The $5500 autorouter, a port of the 
Academi (Fremont, CA) autorouter to the IBM PC, is 
integrable with other design-automation programs 
from the company. The autorouter evaluates as many 
as 20 layers at once, a technique that enables it to 
create a more uniform layout. While setting up a 
pe-board layout, you can specify minimum clearances, 
number of vias per route, and line spacings. 

Design Computation offers an autorouter that costs 
less than the CT2500: The company’s DC/Autorouter 
costs $2498. Even less expensive than automatic-rout- 
ing packages are interactive layout programs such as 
Wintek’s $895 Smartwork pc-board layout package, 
which features point-to-point routing. 

An even newer development than PC-based automat- 
ic pe-board layout is PC-based custom-IC layout. Both 
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® os Signetics Corporation wanted 
the fastest, surest way 
to create advanced process 
and device technologies. 


We looked at all the available - 
simulation tools. 


And we chose T vA. 99 7 


GS insi isn't alone. It’s one of 80 IC 
design leaders that draw from 
TMA’s unique, integrated set of process 
and device simulation, parameter 
extraction, and circuit model 
development tools. 

These leaders know why simulation 
is a must for today’s IC designer. It saves 
time and money. It maximizes design 
talent. It helps get products to market 
sooner. And they know how valuable 
simulation can be before a design gets to 
the circuit level. At the veal beginning 
of IC design. When the process technol- 
ogy and device structures are defined. 

That’s why they looked at the avail- 
able commercial and university 
programs. And why they soon saw that 
TMA offered them the best solution. 


A complete, integrated set of tools. 
DEPICT* SUPREM-3*% SUPRA* PISCES* 
CANDE? GEMINI* SEDAN-2* TOPEX* 
That’s everything between unpro- 
cessed silicon and circuit simulation. 
And that’s a range of solutions no one 
else can match. Our programs work 


Mr. Henry Wong 


Manager, Corporate CAD 


Signetics Corporation, 


a subsidiary of U.S. Philips Corporation 


together too. Inputs, outputs and inter- 
program communication have been 
standardized. You can get results 
quickly and easily. 


The industry’s most accurate, state- 
of-the-art models. TMA’s programs 
have the most accurate, efficient models 
and analysis techniques available. But 
that’s not enough for us. We believe the 
best can always be better. That’s why 
we test model results against data using 
customer feedback as well as our own 
findings. And why our programs are 
getting better and better. 


Expert support. TMA’s programs have 
been written and are supported by 
recognized industry authorities. In 
physics. In technology development. In 
numerical analysis. In simulation. In 
computer systems. And you can talk 

to them. Any time you like. About — 
designs, simulations, problems, any 
question you have. 


Ease of use. Our programs are easy. 
Easy to learn. Easy to use. That makes 


TECHNOLOGY MODELING ASSOCIATES, INC. 


for lower start-up costs and more 
efficient use of precious IC design 
talent. We want you to design —not 
waste time figuring out how to use 
design tools. 


Ready to go. Clean, accurate programs 
let you simulate now on a wide variety 
of mainframe, minicomputer, and work- 
station systems. You don’t have to 
spend 6 to 12 months learning, de- 
bugging, refining, trying to get your 
program to work. We get you up and 
running fast. Often in less than a day. 


If you’re determined to develop your 

full IC design potential, then you can’t 
afford to be without TMA’s unique, 
integrated solution. 80 IC design leaders 
have found this out for themselves. 

Now how about you? 


Contact us by phone: (415) 327-6300, 
Telex: 4941639 TMAA UI, 

Fax: (415) 325-2960, 

or Write: 3rd Floor, 300 Hamilton Ave., 
Palo Alto, CA 94301. 


*SUPREM®, SUPRA®, GEMINI®, PISCES® and SEDAN™ are trademarks of the Board of Trustees of the Leland Stanford Junior University. 
CANDE®, TOPEX™ and DEPICT™ are trademarks of Technology Modeling Associates, Inc. 
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Although specialized CAE/CAD programs 


can often accept input from or provide out- 
put to other companies’ programs, they 
can’t provide automatic back annotation. 


handcrafted-layout and silicon-compiler packages now 
run on PCs. Aptos’s ICD-One lets you create a bidirec- 
tional interface between a PC and the Calma (Milpitas, 
CA) GDS II layout system. The PC-based package 
features a polygon editor that resembles Calma’s edi- 
tor. Including layout software, a PC/AT with a math 
coprocessor, 19-in. color monitor, and 9-track tape 
drive (which writes in the GDS II format), the system 
costs $32,000. 

Also for use in custom-IC layout is a silicon compiler 
—Lattice Logic’s Application Specific Engine (the PC- 
based version of the company’s Chipsmith silicon com- 
piler)—which now runs on a PC/AT having a 32-bit 
coprocessor board. The Application Specific Engine 
optimizes circuit designs by evaluating different design 
layouts. The complete system, including standard-cell 
modules and a monochrome monitor, costs $24,995. 

With the advent of automatic layout tools that run on 
PCs, CAE and CAD software packages have become 
tools that every engineer can easily afford and use. 


However, personal-computer-based CAE/CAD tools 
will be practical for every engineer’s needs only when 
PCs can perform the same types of tasks that today’s 
32-bit workstations perform. Soon, when the 80386 
arrives, you'll be able to use your PC even for complex 
designs. EDN 
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Our engineering team is only a phone call away. 
For product data use this magazine's response system now. 


FARNELL INTERNATIONAL LIMITED - WETHERBY LS22 4DH UK - TELEPHONE (0937) 641964 (18 LINES) 


INFORMATION TECHNOLOGY MANUFACTURERS... 
Get a competitive edge 


— USE FARNELL'S POWER SUPPLY CONTRACT MANUFACTURING SERVICE 


Our Power Supplies Division is the cost-effective alternative 


to developing or expanding your own facilities. 24,000 m2 
of facilities provide: 


Automated processes @ Computer aided 
design and manufacturing © Complete design 
and engineering support e In-house printed 
circuit board manufacture © Well trained and 
motivated work force e@ Quality products to 
meet required regulatory specs e 

Big purchasing power of Farnell Electrics group 

e Phased deliveries to suit your production 
programme e@ Automated test and burn-in 

© Modern windings plant © Competitive prices 


Farnell is the name on the power supplies used by many famous companies. 
If you need a competitive edge for your product put the power out to Farnell. 
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“HIGH COMPLET ION RATE 
DC/AUTOROUTER II” is a 
high-end PC-based autorouter 
you may have thought wasn't pos- 
sible. With its low-cost, true diag- 
onal autorouting, typical comple- 
tion rate of 93-98%, and profes- 
sional results, DC/AUTOROUTER 


If” is one package you'll want at 


: every PC workstation. 
| ATURE-PACKED 


‘DCAUTOROUTER I” auto 


matically generates drill hole lists, 


_ solder masks and silk screen art 
The totally re-entrant | 
TER II” can be in- 
| terrupted | and restarted with vir- 
tually no loss of work. And, router | 


masters. The 
DC/AUT 0 ROUT 


- parameters allow the routing pro- 
cess to be tailored to your special 
needs. 


- AUTOROUTER II”. 


_ PLENTY OF POWER 


high-end power allowing over 
4,500 pads and vias per board, two 
to 16 trace layers, and up to 20 
common plane layers. It can han- 
dle boards as large as 32 x 32 
inches, and irregular shaped 
boards are no problem. 
MONEY-BACK GUARANTEE 
Like DRAFTSMAN-EE™ our 
powerful graphics editor, DC/ 


AUTOROUTER II” is compatible 
_ with IBM and AT&T personal com- 
‘puters and comes with a 60-day 
_ money-back guarantee. 


The choice is simple. 
A true auto 
router at a truly affordable price. 
Call today for more information: 


(201) 922-4111. 
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DC/AUTOROUTER II” boasts © 


OmMMOM Ww SY 


DC/ 


oo mas 
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™ 


Edge connector manually routed using DRAFTSMAN-EE. 


Sample board routed using DC/AUTOROUTER 


DC/AUTOROUTER II" FEATURES 
(Corresponds with letters above) 


Off grid placement of pads and vias 
Multiple traces between pads 
Variable trace widths 
. Variable pad sizes 
Variable via sizes 
Area fill using DRAFTSMAN-EE 
. Sophisticated hugging and re-route al- 
gorithms for exceptional performance 
H. Vias used sparingly 
J. Different pad and via sizes for inner 
and outer layers 
K. Single-layer and all layer exclusion areas 
L. Manual routing at any angle and any trace 
width before or after autorouting 
M. Diagonal autorouting for high comple- 
tion rate on dense boards 
. Smooth, rounded corners. 


* Requires DRAFTSMAN-EE™ with manual — . 
oe oF GI, 147.00) : : 


J BDI E'S SIGN : 


baasas Computation, He 7 _ 
Ten Frederick Avenue, Neptune, NJ 075 i 
(201) 922-4111 TWX: 510-601-8352 


ACOTECH 


—_— EE aaa ee 


(714) 863-1700. 


DASOFT 
2550 NINTH ST, BERK 
(415) 486-0822. 
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68000 SDS, brought to you by LANGUAGE RESOURCES 
3 and featuring the NICOLET NICE 68000 emulator, puts the 
~ power of costly engineering workstations and mini computers 
into the PC. The development tools are the style and quality found on 
mainframe computers. The support and service offered by LANGUAGE 
RESOURCES is unparalleled. 

68000 SDS includes an MS-DOS compatible 68000 ACCELERATOR BOARD that plugs into one expansion slot, two assemblers, 
linker, utilities and run time libraries, your choice of optimizing C or Pascal compilers, floating point support, a symbolic 
debugger, and an in-circuit emulator. 

_ LANGUAGE RESOURCES concentrates on development tools and systems for the Motorola 68000-68010-68020 micro- 
processors. The LANGUAGE RESOURCES development tools are also available on IBM and VAX mainframes. When you have a 
project that requires quality work, ask LANGUAGE RESOURCES about their quality tools. 


* FULL SYMBOLIC DEBUGGER - 32 BREAK/PRINT POINTS 

* OPTIMIZING C & PASCAL COMPILERS —* REAL TIME TO 10 MHz 

* MOTOROLA COMPATIBLE ASSEMBLER * RAM OVERLAY MEMORY ,<~ panguage 
© SUPPORTS PSOS, VRTX, MTOS * USER-DEFINABLE HISTOGRAMMING 7 23 sour 

* § RECORD & TEKHEX OUTPUT + MEMORY/REGISTER MODIFICATION, = To . OUFCES 

+ COMPLETE LISTINGS & DEBUG INFO + EXTERNAL BREAKPOINT INPUT & OUTPUT poatier Colorado 80301 

¢ FLOATING POINT LIBRARY (303) 449 6809 Telex: ITT4992706 


Trademark Acknowledgement — Motorola. Nicolet, IBM, DEC 
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IT’S AMAZING HOW LITTLE 
$100,000 BUYS A DESIGN GROUP. 


IT’S AMAZING HOW MUCH 
$100,000 BUYS A DESIGN GROUP. 


ee. isit us at Booth 542 at ADEE East in Boston, September 30-October 2. 


Let’s assume you re 
responsible for the activi- 
ties of a design group 
involved in a large, com- 
plex project —one that 
requires several engineers 
to work simultaneously on 
sub-projects. Let’s also 
assume that you'd like to 
complete the work in the 
best, fastest, most cost- 
efficient manner. 

With $100,000, you 
could buy a single CAE 
workstation. Sure, it’s 
powerful. But your engi- 
neers will have to wait in 
line to use it. 


On the other hand, 
with the same $100,000, 
you could buy five IBM 
AT’s® a MicroVAX IIT™ and 
Workview,” the only IBM® 
PC-based software that 
addresses a design engi- 
neer’s total workday needs 
—design, documentation, 
communications. 

By opting for this solu- 
tion, you give your engi- 
neers on-demand access 
to a powerful desktop 
CAE system. With design 
facilities that include a 
schematics editor and an 
interactive simulator and 
fault grader with waveform 
1/0 editing. 

Workview’s documen- 
tation and communica- 
tions facilities enhance 
the flow of design data 
between departments. 

So you reduce the possi- 
bility of error in the prod- 
uct flow cycle. 

And Workview is com- 
patible with most existing 
engineering environments. 

For more information, 
call us toll-free at 1-800- 
CAE-VIEW. In MA, the 
number is 617-480-0881. 


= . 
VIEWlogi¢ 


Viewlogic Systems, Inc., Marlboro, MA 01752. © 1986 Viewlogic Systems, Inc. All rights reserved. Viewlogic and Workview are registered trademarks of Viewlogic Systems, Inc. 


IBM and IBM Personal Computer AT are registered trademarks of International Business Machines Corporation. MicroVAX II is a trademark of Digital Equipment Corporation. 
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TABLE 1—MANUFAC BLE CAE/CAD SOFTWARE 


SCHEMATIC. 
CAPTURE — 


COMPANY © ___| CIRCLE No 
MICRO LINEAR CORP __ 
| 2092 CONCOURSE DR, SA 
(408) 262-5200. 
__" MICROSIM CORP _ 
23175 LA CADENA D 
LAGUNA HILLS, CA 92 
___ MOSAID INC 
3375 SCOTT BLVD, SANT, 
(408) 727-7199. 


__ OMATION INC | a 
(1701 N GREENVILLE AVE 
RICHARDSON, TX 75081 


‘OMNICADCORP ey 
1000 PITTSFORD-VICTO 
__ PITTSFORD, NY 14534. ( 
___ORCAD SYSTEMS COR 
23315 W BASELINE R 
__(503)640-5007. 
PERSONAL CAD SYSTEMS IN 
1290 PARKMOOR AVE, S 
(408) 971-1300. | 
| GTECHINC 
_ =«=B56E HAMILTON AV 
_ (408) 370-3910. 
RACAL-REDAC | 
___4LYBERTY WAY, WES 
| _ (617) 692-4900. 
| ewe CALCULA 


317) 480-0881. 
VISIONICS CORP 


(408) 745-1551. 


WINTEK CORP 
1801 SOUTH ST, LA 
(817) 742-8428. 

_ WIRE GRAPHICS 
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‘THE: SYMMETRY OF OUR GRIDDED ARRAYS GIVES 
You SUPERIOR DESIGN FLEXIBILITY 


means flexibility in the layout of your semicustom chip - flexi- 
acing your circuit functions where you want them on the array. 
shnology Inc. brings you this Gunes flexibility with the New 
soba Series. 


‘ poe O a your ¢ own VIC with our complete set of design tools. We 
nclude a how-to manual, precharacterized “‘breadboarding” parts and 
array layouts, (suited for either manual or automated layout techniques). 
‘use our tean a skilled design engineers with the latest 
: thei lisposal. : 
Ss or | OF we do it, with the MODULA semi- 


O ‘oi ar oli SV - 
2S, ¢ shies te ee Sees. 
1c tio. : wit) slog design process 1s 


a greater Se iy, in 
n. With these sub- 


Linear Technology Inc. 


P.O. Box 489, Station A 
Burlington, Ontario, Canada L7R 3Y3 


_ (416) 632-2996 Telex: 061-8525 
: _ There is a representative near you. 
E Call us or send for our free brochure. 
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STANDARDS 


Deed (|= 


WITH MAINFRAME PERFORMANCE TOOLS 
FOR YOUR IBM PC. 


CAE is an investment in productivity. But when high 
cost, lack of standards, and fear of obsolescence stand 
in your way, count on FutureNet® to put CAE within 
reach. Our powerful PC-based tools let you build afford- 
able CAE workstations without locking you into limited 
capabilities. 


CONCEPT TO LAYOUT WITH ONE POWERFUL WORKSTATION. 
FutureNet is your complete source for CAE. To build a 
system, start with DASH™ Schematic Designer and 
create schematics at lightning speed. Add a 32-bit 
co-processor for advanced processing capabilities. Then, 
use DASH-CADAT Plus to simulate logic, timing, and 
circuit faults with the soeed and power of a mainframe. 
DASH-PCB completes the design process, allowing you 
to lay out complex printed circuit boards four times 
faster than the experts can by hand. 


EASY TO LEARN AND USE. Even first-time users will 
immediately feel comfortable with our software. With 
menu-oriented operation, you won't have to memorize 
commands. Extended help displays give you instant 
access to an on-line user manual. And standard parts 
libraries have already been created for you. 


AUTOMATIC DOCUMENTATION SAVES YOU TIME. Every 
step of your design is documented, from verification and 
debugging to simulation and board layout. For example, 
DASH prints out a parts list to help you plan production 
costs. DASH-CADAT Plus identifies failure modes for 
tracking down problem areas. And DASH-PCB saves 
you even more time by “‘back annotating” your original = 
circuit drawings to match the layout. DASH-CADAT PLUS 


OPEN ARCHITECTURE FOR MAXIMUM VERSATILITY. Built 
upon an open architecture and the IBM® PC platform, 
our workstation can be easily integrated into your 
engineering environment. Choose from a variety of 
translators to convert your schematics into the format 
required by your CAD system. With a FutureNet 
workstation, you'll also have access to more gate array 
foundries and service bureaus than ever before. 


IT’S EASY TO BREAK THROUGH THE BARRIERS. Don’t let 
high cost, lack of standards, and fear of obsolescence 
stand in your way. Call 818-700-0691 today, and we'll 
show you how our workstations overcome the obstacles 
to CAE. 


DASH-PCB 


eS 8 
Distributed by Hamilton/Avnet. Authorized inh Value-Added Dealer. 


FutureNet 9310 Topanga Canyon Boulevard, Chatsworth, CA 91311-7528 (818) 700-0691/ Telex 910-494-2681 

Data1/O Canada 6725 Airport Road, Suite 302, Mississauga, Ontario L4V 1E5 (416) 678-0761/06968133 

Data I/O Europe World Trade Center, Strawinskylaan 633, 1077 XX Amsterdam, The Netherlands (20) 622866/ Telex 16616 DAT!O NL 

Data !/O Germany Bahnhofstrasse 3, D-6453 Seligenstadt, Federal Republic of Germany (6182) 3088/ Telex 4184962 DATA D 

(03) 432-6991/ Telex 2522685 DATAIO J A Data 1/0 Com pany 
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In 1980, a,few people 
met to talk about 
starting a company 
unth a new design 
methodology called 
Structured Compu- 
ter-Aided Logic 
Design, or SCALD. 
Among them were the 
enventors of SCALD, 
Tom McWilliams and 
Curt Widdoes. SCALD§ 
productivity was 
proven. In fact, it helped 
lom and Curt develop 
the Navys S-1 super 
computers in ten-percent 
of the time it would have 
taken using conventional 
design techniques. 
SCALD would even- 
tually become a CAE 
mdustry standard. But 
early on, Tom and Curt 
believed that if combined 
with other industry-wide 
standards it would be the 
ultimate solution for elec- 
tronic engineering design. 
Everyone agreed. And anew 
company was born. A com- 


pany called Valid. ys Ite save th = 

: investmen ves you e oppor- 
Our first industry standard tunity to integrate Valid’s CAE Le xs 
was the industry itself. solutions into your current engineer- _ 

Valid was the firstcompanyto ing environment, and tousenew 
build CAE solutions around SCALD. ta r nd 
And from the beginning, our Inte- 
grated Engineering System was 
based on industry standards. Like 
the UNIX™ operating system. — 
Ethernet™ local area networking. 
C and Pascal languages. As wellas _ 
IBM®and DEC™ mainframe pica 
tersandworkstations. 

Our foundation in indus r 
| standards price yo ur comput 


Indust 
that 


ry 
never e 


also the friendliest. 


 Valid’s schematic capture soft- 
aires ValidGED, is recognized as the 
easiest to use in the CAE industry. 
-Ouricon-driven Analog Designer — 
isa full-function analog design tool 
at works just like the lab tools — 


] a a at a own nes 


S “as little as four weeks. If ‘you prefer, ‘you can do dan I 


Analog 
emicustom Design 
It’s never been easier. 


: _Ferranti Interdesign ‘opens é new dimension | evel a ‘af 
_ aealeg circuits. Now you can enjoy the benefits na size redu ctio ns by 
_ designing directly onto. silicon. It's never been easier. Never biked — 


: a So 7 « Macrochip — ae . 


timers can be alee up foe the Macrethis ibe 
_ with active and passive eoinponents from the librar 


: : z oe 


Salone aes Wi . oe Seen 


Boe c 
eS i a OO 
\ rH 


were innovations confined | design, manufacture, and 
within the boundaries of | become filthy rich mar- 
some obscure laboratory; | keting products that 
companies were just be- | would alter the lifestyle of 
ginning to spring up | 
everywhere (read ‘‘Cali- 
fornia’), and they would 


every consumer. 

veo In 1956, vacuum tubes 
~.- /s | were on their way out. 
While Bardeen, Brattain, 
and Shockley were hon- 
ored with Nobel Prizes, 
other engineers and sci- 
entists were trying to 
grasp the transistor’s po- 
tential. The quantum leap 
the transistor represented 
was mind-boggling: Just 
how small and reliable 
could things get? 

That answer was im- 
portant to the military, 
which was pouring mil- 
lions of dollars into mini- 
| aturization and research 
| in computers, radar, and 
| communications. IBM, 
| too, would have a stake 
| in the transistor’s poten- 
nm | tial, because in 1956, the 
-__| company that was best 
known for building large 
~ | business machines was 

_| on its way to becoming 
the most renowned com- 
puter manufacturer on 
the planet. 
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Revolutionary develop- 
ments and ideas seemed 
to be occurring with 
lightning-fast speed, and 
practicing engineers had 
few sources to keep them 
informed of the new 
worlds their colleagues 
were exploring. Maybe 
that was one of the rea- 
sons that 1956 was a 
good year to launch EDN. 


4 hirty years later, 
rock-and-roll is here to 
stay; now, it’s Bruce 
Springsteen who’s making 
women melt. The car of 
choice is small, gas- 
efficient, and is often de- 


sisned somewhere west of 


Detroit. Ronald Reagan, 


EDN September 18, 1986 


the oldest US president 
ever, is finishing up his 
second term in the White 
House. And whether they 
think about it every now 
and again or not, almost 
all people’s lives have 
been radically affected by 
the changes in the elec- 
tronics industry— mostly 
for the good. 

In 1986, EDN still 
chronicles the industry’s 
events. Engineers have 
progressed from polyester 
(well, maybe more reluc- 
tantly than other people) 
and circular slide rules, 
to tie-dyed shirts and 
handheld calculators, to 
cotton blends and sophis- 
ticated CAE workstations. 
And though Kilby, Noyce, 
Hoerni, Widlar, and Hoff 
were not household 
names in most homes 
during the 50s, 60s, and 
70s, their inventions still 
provide the foundation 
for many of today’s inno- 
vations. 

In the years to come, 
it’s certain that the indus- 
try that spawned EDN will 
be anything but stagnant. 
How many millions of 
components can engi- 
neers cram onto a single 
chip? What new areas will 
engineers explore once 
automation takes over 


more and more of their 
job functions? For that 
matter, what will the con- 
sequences be when ma- 
chines begin to think like 
humans and actually start 
learning on their own? 

No one has the an- 
swers. We can hope, 
though, that the individual 
goals and achievements of 
both the industry and the 
magazine will continue to 
complement each other: 
As the electronics indus- 
try researches and devel- 
ops those tools that will 
usher us intelligently and 
peacefully into the next 
century, EDN will contin- 
ue to provide a forum 
that will disseminate the 
ideas that can help engi- 
neers accomplish these 
tasks. 


Joan Morrow, 
Assistant Managing Editor 
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1055 St. Regis, 

Dorval, Quebec, Canada H9P 2T4 

Tel.: (514) 685-2630 Telex: 05-822798 
Toll-free no.: 1-800-361-4903 
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FEBRUARY 1957 W 


An ‘‘Electronic Cat,’’ 
Operating on house cur- 
rent, electrocutes mice 
instantaneously. Key to 
its design is a newly de- 
veloped process for 
Spraying a thin, yet elec- 
trically conductive, metal 
film onto plastic. The de- 
vice consists of a plastic 
dome-shaped cage with a 
floor, both coated inside 
with a zinc film, which 
conducts electricity. 
When the cord is plugged 
into a household circuit, 
the interior of the cage is 


IN A WORD, 


YES connected to one current 


pole, the floor surface is 

connected to another. 
The mouse crawls into 

a hole in the top of the 


JANUARY 1967 


Too Late for a 50¢ Tun- 
nel Diode? 

(We asked this question 
in a special report head- 
line. Silly of us.—Ed) 


EDN September 18, 1986 


THREE FRIED MICE 


cage seeking bait placed 
inside. Standing on the 
floor, it soon touches the 
interior of the cage with 
tail or nose, completing 
the circuit. The mouse 
doesn’t mind, however; 
in fact, it gets a big kick 
out of it. Admittedly, this 
is another entry in the 
“build a better mouse- 


trap’ contest, but it’s the 


first one we've seen that 
really does ‘em up 
brown. 

(‘Time for din din, 
Morris.’ —€d) 


OFF AND 
RUNNING 
NOVEMBER 1974 


One 8-bit chip set that’s 
well worth watching is 
the Motorola 6800. The 
6800 has just left the 
Starting gate, and it has 
made a most impressive 
getaway. Not only is it 
moving fast, but it's got 
a number of sophisticated 
LSI/MOS support chips 
running along with it. 

At first, the 6800 
fooled us. Comparing its 
chip layout to the small, 
dense Intel 8080, the 
6800 CPU frankly struck 
us aS somewhat crude. 
But it finally dawned on 
us, after hours and hours 
of discussions with the 
designers, that what Mo- 
torola has done is to 
make a darn good CPU 
chip—the 6800 itself. 


HI-FI 
DISGUISED AS 
CHEAP RADIO 
FEBRUARY 1959 4. 


Model TFM-151 AM-FM 
portable radio has recent- 
ly been announced by 
Sony Corp, and is one of 
the first sets of this type 
in the field. Claimed fre- 
quency response of 20 to 
20,000 cycles of +1 dB 
and a signal-to-noise 
ratio of 50 dB would per- 
mit its employment as a 
hi-fi tuner. 


THE WRITING ON THE WALL 


FEBRUARY 1959 


The other night we visited 
a friend to listen to his 
new stereo hi-fi system. 
The speakers were made 
in Japan, the changer in 
England, and the amplifi- 
ers were a product of 
Germany. Our friend 
stated that ‘‘even if prices 
were competitive,’ he 
would ‘“‘be inclined to 
purchase the imported 
equipment.’ Perhaps we 
could import some basic 
ideas about consumer 
products. 
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FEBRUARY 1978 


That the US electronics 
industry faces the threat 
of a real battle with its 
Japanese counterpart is 
no secret to anyone. US 
manufacturers of both 
electronic components 
and end products are 
clamoring for Washington 
to take protective action. 
While some proposals 
border on hysteria, others 
are well thought out and 
deserve the close scruti- 
ny of our legislators. 


FEBRUARY 1986 


Offshore competition - 
made last year one of the 
worst years in the short 
history of US semicon- 
ductor manufacture. US 
companies simply weren't 
prepared for the fierce 
foreign competition that 
drove established IC mak- 
ers out of the market 
segments and, in some 
cases, out of business. 


RAIN GAUGE 
REFUTES 

GIGO MAXIM 
SEPTEMBER 1967 A 


A new rain-measuring 
system has been set up 
by Bell Telephone Labs to 
provide data for the plan- 
ning of microwave com- 
munications systems. 
The system collects data 
by an array of 100 con- 
tinuously measuring rain- 
fall rate gauges mounted 
on phone poles approxi- 
mately 4400 ft apart. 


THE FIRST IC 
MAY 1959 <@ 


Complete working circuits 
have been formed on 
small single wafers of 


‘semiconducting material 


by Texas Instruments Inc. 
Using semiconductor 


manufacturing tech- 


niques, such as con- 
trolled masking, etching, 
and diffusion, Tl has 
formed diode and transis- 
tor elements, as well as 
the passive elements of 
resistance and capaci- 
tance, as integral parts of 
single pieces of semicon- 
ductor material. Chief ap- 
plication of the solid state 
units would be in areas 
where large amounts of 
repetitive circuitry are 
used, such as comput- 
ers. 
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Would you spend $200 
to break up your logic 
and fault simulation 
bottleneck? 


Here’s an offer designed to knock your 
socks off. For only $200* (the cost of han- 
dling and mailing) you can try a fully 
functional evaluation version of SILOS® 
for 30 days. We’ve chosen this way to 
prove to you just how good SILOS is. Use it 
to design your next MOS/VLSI circuit and 
you'll really toss your socks. Because 
SILOS makes shorter work of one of the 
most frustrating, time consuming tasks in 
circuit design. Even if you're up to your 
ankles in other logic simulation tools. 


UNPRECEDENTED PERFORMANCE 

SILOS gives you amazingly fast and accurate 
modeling of both unidirectional and bidirec- 
tional networks. This field-proven package 
provides one of the fastest and most efficient 
ways to perform logic and concurrent fault 
simulation. With input and compile times that 
are five to ten times faster than anything else. 
It comes with advanced testability analysis. 
And, as an option, a TTL modeling library for 
systems design. Unlike other simulation tools 
SILOS adds only minimally to computer over- 
head. So you never have to trade response 
time for capability. 


COMPREHENSIVE MODELING POWER 

SILOS combines switch-level, gate-level, flip- 
flop and user-defined functional/behavioral 
simulations in a single package. Plus bidirec- 
tional signal propagation. And charge decay. 
Along with charge sharing. Not to mention 
spike effects. So you get all the industry stan- 
dard modeling states. Anda whole lot more. 


HIGHEST ACCURACY 

With its highly accurate 12-state simulation al- 
gorithm, SILOS gives you the ability to create 
flawless network models. And because the 
package is thoroughly tested and exceedingly 
clean, you get trouble free operation. Plus un- 
usually reliable results. 


USER CONSIDERATE TOO 

Learning SILOS couldn't be easier. In fact, 
most users are up and running in only 20 min- 
utes after receiving the program. After a 


quick perusal of the manual, you'll be a SILOS 
pro. And, whether you're running in batch or 
interactive mode, SILOS is a breeze to use. 
Data descriptions are natural. Logical. Intui- 
tive. With deep macro nesting capabilities. So 
you save considerable time and trouble. 

Results are compact and readable. They can 
be output in any number of tabular and graphic 
formats. Simulations are stored automatically. 
This makes it extremely easy to restart them 
and make modifications. Best of all, SILOS 
does things your way. Because—unlike many 
design tools—it was designed by engineers 
not programmers. So you can concentrate on 
your design—not on beating an ornery 
system. 


AT HOME ALMOST ANYWHERE 

SILOS works smoothly with the latest 
and best in CAD software tools. It 
runs on almost any workstation, 
mini or 32-bit mainframe you 
can name. Including IBM’s. 
There’s even a micro ver- 
sion—P-SILOS ™—for the 
IBM PC/AT/XT™ and 
compatibles. 


: 
; 
: 
: 


STEP 
ON IT! 
To take 
advantage of 
this terrific of- 
fer, or to learn 
more about SILOS, 
send in the coupon 
or call us TOLL-FREE: 
1-800 FASTSIM. 

In Nevada (702) 831-1399. 


For the first 100 responses 
we'll even throw 1n a pair of socks. 


*This offer is conditional upon respondents signing nondisclosure 
agreements. $200 30-day use fee is, of course, deductible from SILOS 

package price. 

® 1985 SimuCad. P-SILOS is a registered trademark of SimuCad. IBM PC/AT 

and IBM PC/XT are registered trademarks of International Business Machines. 
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It’s no sweat with SILOS . . .by SimuCad 


eg 


a , | : Ah, the big idea. Everyo: 
_ one. But not everyone cana 
plotter to plot one on. W 


__ Stationin the office? 
_____ Introducing the HP Draftl 


— Plotter. Now for only $5, ( 


programs 


oe . R 4.3826 — 
_ This diagram is an unretouched reproduction Sea SEs She oe 
produced on the HP DraftPro with VersaCAD s a 


R 1.3155 ——» 


: “Suggested U.S. list price. 


__HP Vectra PC. is a trademark of Hewlett-Packard. IBM PC is a registered trademark of International Business Machines. VersaCAD is a registered trademark of T 


_& W systems. AutoCAD is a registered trademark of AutoDesk, Inc. © 1986 Hewlett-Packard Co. : .PG604EM9 
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LIGHTS, 
ACTION . 
NOVEMBER 1958 


Comapco Inc has used 
laboratory models to 
demonstrate a new sys- 
tem for automatic electric 
focusing. The system, 
known as ‘‘OAR,’’ makes 
use of a continuously and 
rapidly oscillating photo- 
electric cell that measures 
light intensities along the 
optical axis of a lens. 
When the midpoint of the 
sensor's back-and-forth 
motion coincides with the 
focal plane of the lens, 
the sensor emits an elec- 
tric signal whose frequen- 
cy is twice the rate of the 
mechanical oscillation. 
Any shifting of the focal 
plane away from that 
midpoint decreases the 
signal frequency and 
shows a phase shift that 
indicates direction. Ac- 
cording to the company, 
the system will find use 
in automatic-focusing 
cameras and micro- 
scopes, proximity-warn- 
ing devices, and process- 
control units. 


nsec. Power dissipation 


RAM: ONLY 
10¢ A BIT 
SEPTEMBER 1971 }> 


A 256-bit bipolar random- 
access memory, the 
Am2700, offers 3-state 
output, typical chip-select 
speeds of 12 nsec, and 
read access times of 60 


is 1.5 mW/bit. Units 
come in a 16-pin pack- 
age. Price for 100-up mix 
quantity is $27. It’s from 
Advanced Micro Devices 
Inc in Sunnyvale, CA. 


NO SLICING, 
DICING, OR 
GRATING 
MARCH 1957 >> 


Model 301C from John 
Fluke Mfg Co Inc, a pre- 
cision direct-current sup- 
ply, is designed to cover 
a wide range of output 
voltages and currents 
(output voltage—1 .02 to 
1012V dc) with maximum 
regulation. The supply is 
chopper stabilized and 
referenced against a 
Standard cell. Resolution 
is 0.5 mV at any output 
voltage. Regulation is 
0.005%. 


HAVE PHONE, WILL TRAVEL 
AUGUST 1967 <q 3 


You might eventually be able to put an extension 
phone in your shirt pocket and carry it around. Bell 
Telephone Labs is developing an experimental cord- 
less phone that is battery-powered and portable. The 
set uses narrow-band FM transmissions and operates 
in the 35- to 45-MHz mobile-highway band under an 
FCC experimental license. The unit connects with the 
telephone network via a radio link to a fixed station. 
The set differs from walkie talkies in that it provides 
simultaneous 2-way communications. The explorato- 
ry device has a range from 100 to 1500 ft from the 
fixed station, depending on the radio-frequency envi- 
ronment. 
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AC Power 


Power Sources 
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THIS IS NOT 
A DRILL! 
JANUARY 1957 


An accessory Conelrad 

alarm attachment for ex- 

isting receivers has been 

designed for monitoring 

: rie Conelrad signals. When 

ese -aqle track aoe cy for the the radio station carrier 
es ial @ signal is removed, a 


radio alert light is ener- 


ah gized and the receiver 
ie volume is automaticall 
y 
pose one -ree\ tape quality: changed to full volume. 
video reel rder MU rer kee The receiver then moni- 
corder. 1 deo, on tors the 1000-cycle tone 
tiplexe zation Intor- and Conelrad Alert mes- 
d sy sage. 
HYDRA DRUM 
STORES 
15X10° BITS 
JUNE 1971 


Read-write heads (a total 
of 294) extend out from 
the outer cylinder of a 
15-million-bit memory 
drum, developed by 
Hughes Aircraft Co, Data 
Systems Div, Culver City, 
CA. Known as the Mark 
Il, Mod 7 Series, this 
unit was developed under 
contract to Texas Instru- “3 
ments Inc for the US Air & 


Force and Marine Corps 
TIPI program to meet in- 
creased digital-data needs 
for military aircraft and 

~ missile systems. The 294 
heads ride on an air 
cushion, while the pol- 
ished memory drum in- 
side spins at 2400 rpm. 
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AND NOT A MOMENT 
TOO SOON 
JUNE 1971 Ad 


That long-sought dream, the X-Y addressed flat-panel 
display, will be ready for designers in 1972, accord- 
ing to Owens-Illinois Inc and Burroughs Corp. The 
Owens neon-type display is a 512x512 matrix of 
262,144 dots, all of which can be randomly and 
individually addressed. The price for the prototype is 
$15,000, but when Owens starts turning out displays 
in 100-unit batches, the price should fall to about 
$2500. Burroughs has a neon-type matrix, and the 
company plans to have a graphics-quality panel for 
designers in 1972. 


BUBBLE UP 
OCTOBER 1978 W 


Texas Instruments’ 
TIB0303 bubble-memory 
device contains 252 
minor loops, each with 
1137 bubble positions, 
thus providing a mini- 
mum data capacity of 
254,688 bits. Accessing 
the first bit in a 244-bit 
page takes 7.3 msec 
(100-kHz operation), and 
block replication requires 
12.5 ysec. A data-merge 
function allows a read- 
write rate of 100k bps. 
The 1.2x1.2x0.4-in. 
20-pin DIP contains the 
bubble chip, two coils, a 
permanent magnet, and 
magnetic shield. Price is 
$500. 
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© 1986, Personal CAD Systems, Inc. 


Your fastest start in PAL design. 


When you replace TTL with 
Programmable Array Logic (PAL®) 
devices, you get greater design flexi- 


bility and faster design time than with 


any other digital logic technology. 

Now, Texas Instruments and 
Personal CAD Systems are offering a 
PAL Starter Kit that will give you the 
fastest start in PAL design. For only 
$49.95. 


THE FASTEST PAL DEVICES. 


TI’s IMPACT™ technology pro- 
duces the fastest PAL devices you can 
buy: 12 nanoseconds fast. They can 
cut processing time in half for such 
speed-critical applications as high- 
resolution graphics. The Starter Kit in- 
cludes one each of the TIBPAL16XX-12 
series: the industry standards 16L8, 
16R4, 16R6, and 16R8. Just one of 
these PAL functions can replace up to 
10 TTL packages. 


THE FASTEST PAL DESIGN LANGUAGE. 


P-CAD’s CUPL™ is the most 
powerful high-level PAL design lan- 
guage. With powerful logic reduction 
algorithms, your choice of descrip- 


support limited to the four PAL func- 
tions supplied. 


CALL 800-227-6703 FOR THE 
FASTEST START. 


The Starter Kit also includes 
“My First PAL Design, an informative 
booklet that gets you off to the right 
start. All for $49.95; plus postage and 
handling. (If you don't have a device 
programmer, contact one of the 
Tl-authorized distributors listed in 
the kit for free programming of the 
four PAL IC’s provided. ) For prompt 
delivery, call 800-227-6703 (from CA: 
800-632-7979) and have your VISA or 
MasterCard handy. Or send check, 
money order or charge card authori- 
zation to: Starter Kit, PO Box 306, Half 
Moon Bay, CA 94019. 

With an offer like this, we're 
going to make a lot of new pals. 


IMPACT is a trademark of Texas Instruments. PAL is a registered 
trademark of Monolithic Memories, Inc. CUPL is a trademark 
of Personal CAD Systems, Inc. 


p-cacd 
THE BENCHMARK 


* Plus $3.00 postage and handling 


‘Texas Instruments 
and P-CAD present 
the $492 PAL 
Starter Kut. 


tion formats, and time-saving short- 
hand notation. And CUPL works with 
your choice of device programmer 
and IBM™-compatible PC-XT or AT. 
The Starter Kit includes user manual, 
and full-function software with device 


I'S NO LONGER 
A WAITING GAME IN 
CAE/CAD 


NOW'S THE TIME 
TO MAKE YOUR MOVE 
TO REDCAD. 


It’s no easy game deciding when to move 
into CAE/CAD. Venture too quickly, you run 
the risk of obsolescence. Delay too long, you 
fall behind the competition. 

Until now. ..by advanc- 
ing your PCB design to 
REDCAD, you put your- 
self on the proven path 
to shorter design time, 
greater accuracy, higher 
productivity, and much 
improved documentation. 

REDCAD brings into play 
two powerhouse packages. 
Redlog’’— for comprehen- 


sive circuit capture/schematic design featuring 

a unique connective data structure. Redboard’’— 
for powerful PCB design with “‘big-system”’ 
automatic placement, auto-routing, and design 
rule checking. 

Together, they transform your IBM PC® into 
a full engineering workstation that’s fast, 
affordable, and easy to use. 

So stop waiting. Move to REDCAD.. . your 
winning strategy for design 
success. Call us for a 
demonstration. 


Lyberty Way 
Westford, MA 01886 
Tel: (617) 692-4900 
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GETTING TO 
KNOW THE 
8080 

MAY 1974 A 


Whether you plan to use 
an Intel 8080 xP or not, 
you owe it to yourself to 
know all about it. This 
machine is serving as the 
point of comparison for 
all the other mainstream 
Single-chip 8-bit jxPs that 
other semiconductor 
manufacturers are sched- 
uling for production dur- 
ing 1974 and 1975. 

By the time this article 
appears, there should be 
about 1000 8080s on 
Intel’s and Intel’s distrib- 
utor’s shelves. There are 
already nearly 1000 in the 
hands of first customers. 
We predict that second- 
generation Ps such as 
the 8080 will be looked 
back upon as historical 
turning points. The ques- 
tion is not whether they 
will accelerate the 
changeover to .P-based 
systems, but whether 
after the dust dies away, 
there will be anything left 
but 8-bit wPs in digital 
systems with price tags 
in the $1000 to $50,000 
range. 
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JOCKEYING 


FOR POSITION 
MAY 1974 'W 


The present high prices— 
$360 for an Intel 8080 in 
single-unit quantity—will 
give way under the pres- 
sure of competition that 
occurs when computers 
are jockeying for market 
dominance. As soon as 
wP prices start to tum- 
ble, coming down toward 
the $25 per CPU level, 
the funeral procession for 
TTL minis will begin in 
earnest. By 1976 there 


will be announcements of 
more powerful CPUs, 
which will nail the lid on 
the TTL mini’s coffin. An- 
other semiconductor 
technology era will be 
over. 

(8080 wP chips now 
sell for less than $1, 
when you can find them. 
Many TTL minicomputers 
are sold for scrap value 
or given to those who 
will haul them away.—Ed) 
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LOOK, MA—AN AMERICAN VIR 


MAY 1956 


Operating at only 15 ips, a television video recorder 
(not a radio video recorder?—Ed) reproduces and 
records programs on 2-in.-wide magnetic tape. A 
system permitting a tape speed that is slow enough 
so that a full hour's program can be reproduced on a 
single 14-in. reel of tape has been integrated into 
this new recorder. The recorder was developed by 
Ampex Corp. 
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PER BIT 
JULY 1986 A 


Model AD7572 monolithic 
A/D converter from Ana- 
log Devices can perform 
12-bit conversions in only 
5 psec. The CMOS chip 
consumes a maximum of 
215 mW from +5 and 
—15V supplies. The con- 
verter is available in ei- 
ther a 24-pin DIP or a 
28-pin LCC. Prices for 
5-wsec models range 
from $47 to $197.50; 
12.5-ysec versions cost 
$35 to $145 (100). 


311.75 
PER BIT 
APRIL 1965 W 


Model 5516 A/D convert- 
er from Radiation Inc 
(now Harris Corp—Ed) 
has an input range of 
+5V full scale, 50-kc 
(kHz) word rate, and is a 
self-contained unit. Out- 
put format is 12-bit bina- 
ry or 11-bit binary plus 
sign. Options are: 1. 
built-in sample and hold 
add $233; 2. display, add 
$293; 3. buffered output, 
add $83. The A/D con- 
verter costs $3741. 


MONKEYSHINE 


JANUARY 1967 


Continued on pg 206 
EDN September 18, 1986 


Your VME system 
just got faster. 


Eleven new VMEbus modules from Dual can make your 32-bit designs take off. Today. 

Dual’s full line of VMEbus modules is setting new performance and packaging standards in the 32-bit world. 
Especially among applications that demand high system throughput, fast |/O processing and heavy disk usage. 

For performance, start with our multiprocessor engine, the VMPU-32, based on Motorola’s advanced 

~MC68020. Optimized for virtual memory UNIX environments, it features extensive interprocessor communica- 
tion capabilities, a full megabyte of dual-ported local memory, and up to 32 Kbytes of EPROM. 

Next, add the industry’s fastest, most versatile disk controllers, for both SMD and ESDI formats, 
using Dual’s patented architecture. The SMD controller handles 3 drives with 2.4 Mbyte-per- 
second data rates; the ESDI controller handles 4 at 1.25 Mbytes persecond. Then add our 
powerful VME universal storage controller, which handles hard disk, cassette tape and 
floppy disk drives, using both ST-506 and SCSI interfaces. And, for high-perform- 
ance input/output handling, there’s a multi-purpose I/O processor with 512 
Kbytes of dual-port memory, supporting the industry-standard Motorola 
I/O bus protocol. Plus our compact, 8-port serial 1/O module, which 
minimizes the space taken by I/O ports. 

These modules are all fully ruggedized, housed in a 
standard VME backplane, and run under a system controller 


featuring fast 96ns arbitration. For software support, our . 2 
implementation of UNIX System V, Release 2.0, ’ ~ <= | — 


Version 2 is available. 
So why waste time developing 
your own 32-bit VMEbus solutions when 
ours are ready to go? For full details, 
contact: Dual Systems Corporation, 2530 
San Pablo Ave., Berkeley, CA 94702. 
(415) 549-3854. Telex 230199 SWIFT. 


THERE’S ONLY ONE 
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Unix isa trademark of AT&T Bell Laboratories. 
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IF YOUR 
DISTRIBUTOR'S 
SALES TEAM THINKS 
UNIX ARE THE GUYS 
WHO GUARD 
ARABIAN HAREMS, 
YOUR DISTRIBUTOR 
ISN'T ARROW. 


There are only two kinds _ those who tell you to call 
of distributors in this world. someone else. 

Those who can answer a Its no secret that Arrow is 
design engineers technical in the former category. 
questions and those who cant. For every brand they sell, 

Those who help you they work hard to be 
solve your problems, and technically knowledgeable. 


Huntsville, AL, (205) 837-6955. Phoenix, AZ, (602) 968-4800. East Bay, CA, (415) 487-4600. Los Angeles, CA, (818) 701-7500. Orange County, CA, (714) 838-5422. Sacramento, 
CA, (916) 925-7456. San Diego, CA, (619) 565-4800. San Francisco, CA, (408) 745-6600. Denver, CO, (303) 696-1111. Wallingford, CT, (203) 265-7741. Clearwater, FL, (813) 
576-8995. Ft. Lauderdale, FL, (305) 429-8200. Melbourne, FL, (305) 725-1480. Atlanta, GA, (404) 449-8252. Chicago, IL, (312) 397-3440. Indianapolis, IN, (317) 243-9353. 
Cedar Rapids, IA, (319) 395-7230. Baltimore, MD, (301) 995-0003. Boston, MA, (617) 933-8130. Detroit, MI, (313) 971-8220. Grand Rapids, MI, (616) 243-0912. Minneapolis, MN, 
(612) 830-1800. St. Louis, MO, (314) 567-6888. Manchester, NH, (603) 668-6968. Fairfield, NJ, (201) 575-5300. Marlton, NJ, (609) 596-8000. Albuquerque, NM, (505) 243-4566. 
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This is especially true when 
it comes to Intel. 

In addition to their own 
nationwide training pro- 
oram, Arrow’ Advanced 
Technical Specialists get a 
minimum 80 hours of 
technical training 
from Intel—the kind » 
of rigorous tech- 
nical training that 
would send a less 
committed salesperson 
back to the stereo shop. 

But Arrow employees 
have always been highly 
committed. After all, most of 
them are stockholders in 
the company. 

Which gives them a pride 
of ownership that works to 
your advantage. 

They’re proud of their 
inventory management 
system. It’s the first real-time 


inventory system in the world. 


Theyre proud of their per- 
sonal service. Which is why 
you can call Arrow at 10:00 
a.m. and get your part hand- 


carried to you by 1:00 p.m. 
And they’re especially 

proud of their partnership 

with Intel. Because they 

can provide you with the 

answers to specific technical 

» problems. For every- 

\, thing from VLSI to 


Accurately. As a result, 
© design hassles and 
your time to market are 
dramatically reduced. 

If you're looking for a 
distributor who can really 
speak your language, call 
1-(800)-645-1430. Or contact 
your nearest Arrow Distri- 
bution Center and ask for 
one of our Intel Technical 
Specialists. 

They'll give you all the 
right answers. Because they 
understand your questions. 


ARROW. 
THE AUTHORITY 


ON INTEL. 


Long Island, NY, (516) 231-1000. Rochester, NY, (716) 427-0300. Syracuse, NY, (315) 652-1000. Raleigh, NC, (919) 876-3132. Winston-Salem, NC, (919) 725-8711. Cleveland, 
OH, (216) 248-3990. Columbus, OH, (614) 885-8362. Dayton, OH, (513) 435-5563. Tulsa, OK, (918) 665-7700. Portlai1d, OR, (503) 684-1690. Philadelphia, PA, (215) 928-1800. 
Pittsburgh, PA, (412) 856-7000, East Providence, RI, (401) 431-0980. Austin, TX, (512) 835-4180. Dallas,TX, (214) 380-6464. Houston, TX, (713) 530-4700. Salt Lake City, UT, 
(801) 972-0404. Seattle, WA, (206) 643-4800. Milwaukee, WI, (414) 792-0150. San Juan, PR, (809) 723-6500. Montreal, CAN, (514) 735-5511. Ottawa, CAN, (613) 226-6903. 


Quebec City, CAN, (418) 687-4231. Toronto, CAN, (416) 661-0220. 
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*UNIX is a registered trademark of AT&T. © 1986 Intel Corporation. 
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NDL 5018 P/ NDL 5019 P Laser Diodes 


‘Compact. Fast. 
Reliable. 


NEC has 
extended its — - 
range of highly successful laser diode 
modules. The new high-speed, high- 
reliability laser diodes typically feature 
0.2ns and 0.3ns rise and fall times, 
low threshold current and an output 
power of 15 mW in singlemode fiber 


a 
22 ee 
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Avge i Gurie 
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Optical Response Waveform 


Drive Current Waveform 


"operation as 
internal thermoelectric cooler. 

These features make the NDL5018P 
and NDL5019P ideal devices for long 
distance high-capacity transmission 
systems. The double channel planar 
buried heterostructure provides the 
modules with stable fundamental 
transverse mode operation over a 
wide temperature range. 

The compact laser modules are 
supplied either in 14-pin dual-in-line 
or butterfly packages. Both versions 
match NEC’s existing laser modules 
for a no-problem fit with current 
system designs. 


West Germany: Dusseldorf 02 11/65 03 01, Telex 8 58 996-0 


The Netherlands: Eindhoven 0 40/44 58 45, Telex 51923 


France: Paris 01/39 46 9617, Telex 699 499 
Italy: Milano 02/67 09 108, Telex 315 355 
Sweden: Taby 08/73 28 200, Telex 13 839 

UK: Milton Keyes 09 08/69 11 33, Telex 777 565 
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PMt's 1986 ANALOG 
APPLICATIONS SEMINAR 


Austria France Norway Japan 
Vienna, Oct. 6 Paris, Sept. 25 Oslo, Oct. 8 Tokyo, Nov. 5 
Belgium Lyon, Oct 10 Spain Tokyo, Nov. 6 
Brussels, Oct. 2 Germany Barcelona, Oct. 10 Osaka, Nov. 7 
Denmark Munich, Sept. 26 Sweden Korea 
Copenhagen, Oct. 3 Dusseldorf, Oct. 9 Stockholm, Oct. 7 Seoul, Nov. 3 
Finland Israel United Kingdom Seoul, Nov. 4 
Helsinki, Oct. 6 ae Sept.29 ondon, Sept. 22 Singapore, Oct. 27 
é 1V,@@)Pt . 4aiwan — 


PMIss all new 3-hour technical 
seminar is coming to a city near 
you this Fall. PMI presents over 25 
bench-tested applications circuits 
showing new solutions to tough 
analog design problems. 


Learn cost-effective ways to: 

® Maximize linearity and bandwidth 

® Minimize drift, noise, offset and 
power consumption 


Know more about: 


® High accuracy non-linear circuits 


® Unusual new uses for D/A and 
A/D converters 


Receive: 


analog ICs 


FOR RESERVATIONS: 


Phone: 852-5=702-171 


® Complete course notes 
® New applications handbook 
® Samples of latest high performance 


European Headquarters: 
Switzerland 

Phone: 042-33 33 33 
Japan: 

Tokyo 

Phone: (03) 234-1411 


Asia Pacific Headquarters: 
Hong Kong 


Precision Monolithics Inc. 
A Bourns Company 

Santa Clara, California, USA 
408-727-9222 


Two-step energy conversion 
in this nuclear battery com- 
mences with beta radiation 
from Promethium 147. Emit- 
ted particles strike phos- 
phor, producing light energy 
that is converted by silicon 
photocells into electric 


energy. 


Hil... 
DECEMBER 1981 A 


The IBM Personal Computer features an 3088 uP, 16k 
to 256k of user RAM, and 40k of ROM. Five expansion ~ 
slots let you add memory, a printer, communications — 
capability, and game adapters. ROM contains the oper- 
- ating system and a BASIC interpreter. The standard 

system comes with a cassette-player jack. 
_ An 83-key detachable keyboard furnishes 10 special 

keys for numeric entry and cursor control, 10 for 
ecial functions, plus access to 256 characters. The 
y provides 25 lines x80 characters. Underlining, 
: intensity blinking characters, and reverse images 
: highlight displayed information. From $1565. 
(Disk drives, display adapter, and cassette recorder — 
- cost extra. Did anyone ever use the cassette 
ee 


GET THE 
LEAD OUT 
APRIL 1957 > 


A new soldering process 
washes the underside of 
printed-circuit boards 
with a continuous flow of 
clean solder at the cor- 
rect temperature. The 
work is not actually 
dipped but passes 
through a wave of molten 
solder forced up by a 
nozzle positioned in the 
bath. 

One feature of this 
technique is its ability to 
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. OR MISS 
, - DECEMBER 1981 A 
_ Measuring just 6x6 1.5 in. and venting 12 0z, | 
| Sinclair Research Ltd’s Model ZX81 computer includes. 
an 8k Basic interpreter with single-keystroke keyword © 
entry. Automatic syntax checking ensures that every 
line entered is legal. All math and scientific functions — 
are accurate to eight decimal points. The computer 
- uses a standard TV set as a 32-characterx24-line © 
- display. You can add an audio cassette recorder or 
mass storage. Hardware includes 1k of RAM (expand- — 
~ able to 16k with a plug-in module), a 40-key sensitive- 
- membrane keyboard, and flicker-free graphics display. 
The computer comes either assembled ($149.95) or as 
a a kit ($99. 95). The 16k memory module costs $99. 95. 
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WATCH GLOWS 
IN DARK 
MARCH 1957 A 


Nuclear power operates 
this prototype miniature 
battery, which was devel- 
Oped jointly by Walter 
Kidde Nuclear Labs and 
Elgin National Watch Co. 
The companies have suc- 
cessfuly employed the 
decay energy of a beta- 


positively expel flux 
gases. Fry’s Metal Foun- 
dries, which designed 
equipment based on this 
principle, states that the 
process also permits 
greater flexibility of pro- 
duction and makes possi- 
ble larger circuit boards. 
(Looks like a winner. 


Wave soldering has had a 


great impact on the way 
we produce pc 
boards.—Ed) 
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Solder wave|. | 


emitting radioisotope to 
power a miniature bat- 
tery. Approximately the 
size of a shirt button, the 
battery is claimed to be 
the first such device to 
be completely safe for 
personal use without spe- 
cial precautions. 
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Our products have th 
i) SCRAMBLE, 


At Consumer Microcircuits we are dedicated 
to the design, development and manufac- 
ture of specialised CMOS LSI devices for 
radio, telecom, military and industrial 
applications. In- house DIL and_ surface 
mount production and test facilities ensure 


| Recently introduced products include: 

@ FX204 Voice Scrambler @ FX609 Delta Codec @ FX419 1200 Baud FFSK Modem 

@ FX709 Voice Store and Retrieve Codec @ FX406 Universal Analogue Signal Processor 
@ FX365 yP Compatible Tone Squelch Codec 

@ FX004 Frequency Inverter — CTCSS Compatible @ 

© co Oall You. are looking for an answer to your Audio. Processi 
| Requirements, call us. oe 


E _ We’re confident we can help. 


- Consur er Microcircuits Limite 

4 Wheaton Road, Witham, Essex, CM8 3TD, ENGLAND 
eabalenhonn. + 44 376 513833 Telex: 99382 CMICROG Telefax: e 
A member of the CML Micronyaages Pic group | 


CIRCLE NO 1417 


“iy © 
MT 


Le 


, Lode eee 


we Pid. a record of high quality and 
excellent delivery. In addition, our thick-film 
hybrid facility offers its own complementary 
range of catalogue and custom devices. 
Distribution and technical support are avail- 
able through a worldwide agency network 


@® FX3092 Eurocom Delta Codec 


44 376 518247 


Power Components Up To 50 Watts/Cubic Inch 


| once Blouns ac 

pe hs froma package 

4 x and weigh- 

ing He than 1/ 30fa d. The converters have 

power densities as high as 50W/in3, allowing you to 

design a system that is significantly smaller and 

lighter than your competitor's using yesterday’ S 
power conversion technology. 


EFFICIENCY — Vicor converters have conversion 
efficiencies of 80 to 90%. Higher efficiency reduces 
heat generated in your ogan SoM it ae and 
more reliable. 


FLEXIBILITY — Vicor converters support lobes. 
tions ranging from low power battery equipment to 
multi-kilowatt off-line power systems with input 
voltages from 10 to 425 VDC, and isolated outputs 
- from 5 to 48 VDC. Booster modules allow you to 


Take You i. 


come are power systems that are expandable in | 


200V increments. _ 
RELIABILITY — With 50, 000 modules in the field 
over a year, the failure rateislessthan0.1%. 


QUALITY— Our reputation for quality begins with _ 
the design; there are no limited-life components in — 


VI Series converters. Quality is maintained in pro-— 


duction with the latest functional testers and burn- 


in equipment. Each module i is tested and trimmed 
by ATE. 


VI-100™ Converters aad VIB-00 Power Boosters™, “ 
manufactured by Vicor and its licensees, represent 
the state-of-the-art in power conversion 
technology. See what smaller size, higher efficien- 
cy, and modular component flexibility can do for 
your next power system design. Call (0734) 868567, 
TWX: 847073 POWLIN G, FAX: (0734) 755172. 


Distributed by: POWERLINE ELECTRONICS, LTD. 


5 Nimrod Way 


Se & Reading, RG2 OEB 
a ENGLAND 


CORPORATION 


Guiehe Component Solutions For Your Power hogs as 
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EARLY 
STANDARD 
CELLS? 
SEPTEMBER 1958 A 


Modules of basic circuits 
combine to make up 
common circuits, elimi- 
nating predesign and 


FAST IN breadboard-stage man- 
No Saige: sesh Wi Faebes ae 
APRIL 1969 W used without change to 


At ISSCC ’69, IBM de- 
scribed to engineers a 
new high-speed 3-D 
semiconductor memory 
made with bipolar mono- 
lithic ICs. Access time is 
40 nsec, and a read or 
write cycle requires 60 
nsec. IBM fused the new 
memory circuits onto the 


surface of a single silicon 


chip that measures 112 
mil?. Each chip provides 
64 memory-storage cells. 
IBM packages 72 of the 
memory modules togeth- 
er with the drive-sense 
modules on a 7x9-in. 
multilayer card, thus pro- 
viding a 512-word by 
18-bit storage capacity. 


replace breadboarded 
modules. For example, 
eleven basic circuits can 
be combined in various 
combinations to build at 
least 35 complete cir- 
cuits. 
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BIG CARD, 
SMALL 
MEMORY 
JANUARY 1969 \W” 


Sanders Associates offers 
a low-cost memory sys- 
tem, designated the 
MEMCARD. Available on 
a single 12x 12x '/-in. 
circuit board, the system 
includes address regis- 
ters, power, core memo- 
ry, and associated elec- 
tronics. The 3-wire 3-D 
memory, located at the 
center of the printed-cir- 
Cuit board, contains eight 
1024-core memory 


si 


16k BITS 

ON A CHIP! 

| JULY 1976 
First entry in the impor- 
tant 16k read/write mem- 
ory race is a 16-pin 
NMOS RAM compatible 

with 4k memories in both 
pin connections and op- 

eration. The Intel 2116 

_ Offers comparable speed 
and 4x lower power dis- 

-_Sipation/bit than the pop- 
ular 4k dynamic RAMs. 
Intel was able to squeeze 
the part into a small 
16-pin configuration by 
replacing the chip-select 
input of the 4k with the 
sixth address line; both 
4k and 16k memories in- 
corporate multiplexed ad- 
dressing, in contrast to 
22-pin 4k units. Price of 
the 2116 in evaluation © 
quantities is $50, but this 
is expected to drop to- 
wards 0.1¢/bit in a year. — 
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POWER 
STRUGGLE 
JULY 1971 'W 


ROADGOING 
F86 SABERJET 
OCTOBER 1958 W 


Hundreds of wires con- 
verge at the ‘‘nerve cen- 
ter’’ of General Motors 
Corp’s new Firebird III 
and carry electrical power 
through more than two 
miles of cable. This ex- 
perimental car is de- 
signed around a single 
stick control system, 


which eliminates the con- 
ventional steering wheel, 
brake pedal, and acceler- 
ator. Coupled to this unit 
is an electronic guidance 
system, which automati- 
cally steers the car by 
means of electrical guid- 
ance cable embedded in 
the road. 


WHAT'S A 
NICE 
CHIP... ? 
FEBRUARY 1968 


Much of this ISSCC/68 
panel’s discussion cen- 
tered around whether or 
not LSI had any place in 
computer systems. While 
much has been said 
about putting software 
functions into hardware, 
One panel member 
pointed out that lowering 
the cost of logic does not 
tell you how to use it. 
Therefore, such discus- 
sions are irrelevant be- 
cause at this time no one 
knows how to effectively 
put software into hard- 
ware. Panel members felt 
that ICs will not precipi- 
tate machine reorganiza- 
tion even though it is 
long overdue. 

(Four years later, the 
introduction of the micro- 
processor would change 
a lot of minds.—Ed) 
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AVOCET 


INTRODUCES 
MACRO 
ASSEMBLERS. 


New AVMAC™ Macro cross- 
assemblers, combined with 
our simulators, emulators 
and EPROM programmers, 
turn your PC or VAX into a 
complete development 
system. 


AVMAC is fast. Its transparent 
buffering scheme provides the 
speed of memory-based assem- 
bly without restricting file size. 
And, AVMAC has one of the most 
comprehensive macro facilities 
available. 

AVMAC is loaded with fea- 
tures that make your develop- 
ment job easier. You get source 
code flexibility; AVMAC supports 
over 1000 relocatable segments. 
AVLINK™ linker and AVLIB™ 
librarian Support modular pro- 
gramming with full control over 
segment combination and place- 
ment. AVREF™ generates cross- 
references by line and 
procedure. And, AVMAC gives 
you informative, plain English 
error messages. 
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AVMAC offers superior com- 
patibility with manufacturers’ 
assembly languages. And it’s 
designed to work hand-in-hand 
with AVSIM™, Avocet’s software 
simulator/debugger. 

Every company talks about 
service. But at Avocet we're 
committed to satisfying customer 
requests for in-stock items in 2-3 
working days. And that’s a fact! 

For easy access, call our 800 
number for ordering, product 
information and technical assis- 
tance. We're also interested in 
your ideas on how we can better 
serve your needs. 


AVMAC Macro Cross-assemblers 


r 
MSDOS™, PCDOS™ 


Target Microprocessor 
Families Supported: 


6502/65C02 Z8 

6800/01 ,6301 Z80 

NEC 7500 ~=68H11 

8085 HD64180 
COP400 68020 
F8/3870 68000/68010 


T™M4S32010 TMS32020 


6804 
6805 
6809 
1802/1805 
8048/8041 
8051 


NEW! 


In addition to AVMAC, 
Avocet provides everything 
you need to develop micro- 
processor software. 


AVSIM full-screen Simulator/ 
Debuggers make software 
simulation practical. Test your 
code in a crashproof, interac- 
tive environment, without addi- 
tional hardware. Price $299. 
TRICE” self-powered 
In-circuit Emulators recog- 


nize 34 different commands: 
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set break points, single-step, 
trace and more. Priced from 
$498. 
AVPROM™ Programmers 
work with any PC. Program 
over 37 different devices, 
including EPROMs through 
27512, CMOS and E?7PROMS, 
and MPU/EPROM combos, 
using fast, “adaptive” algo- 
rithms. From $429. Gang pro- 
grammers from $979. 

Tofind out more about Avocet 
software development tools, 
call us toll-free: 


1-800-448-8500 


(In the U.S. except Alaska.) 


VISA and Mastercard 
accepted. Most popular disk 
formats now available—please 
specify. Software shipment by 
second-day air within the conti- 
nental U.S. included. Special 
handling and other shipping 
additional; call for exact quotes. 
OEM INQUIRIES INVITED. Avo- 
cet Systems Inc., P.O. Box 490- 
B16, Rockport, Maine 04856, 
(207) 236-9055. Telex: 467210 
AVOCET Cl. 


AVOCET 
SYSTEMS INC: 


™ signifies manufacturer's trademark 
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D|D) CINEWS 


ABOUT SYNCHRO-CONVERSION ¢ HIGH-SPEED, HIGH ACCURACY D/A & A/D CONVERSION ¢ DATA BUS DEVICES 


PUBLISHED BY 


ILC DATA DEVICE CORPORATION 


AUGUST 1986 


DEGLITCHED DAC FOR 


VECTOR-STROKE DISPLAYS 


DDC’s solution to large screen 
vector-stroke CRT display designs 
comes in a small 32 pin TDIP hy- 
brid package. The DAC-02310 is a 
self-contained TTL compatible de- 
glitched DAC that includes input 
storage registers, a 14 bit DAC, a 
track/hold deglitcher, and preci- 
sion reference and timing circuits. 
Along with a low glitch of 10mV, 
the DAC-02310 provides a 1OMHz 
update rate for small changes, 14 
bit resolution, and is available in 
linearity grades of either 13 bit or 
12 bit. 

With the application of a Strobe 
signal, the DAC-02310’s input reg- 
isters are updated and the deglitch- 
er is placed in a Hold Mode for ap- 
proximately 50ns. During Hold 
Time, the conversion occurs, the 
glitch settles, and the analog output 
remains constant. After the glitch 
has settled, the DAC-02310 changes 
to the Track Mode and the output 
changes smoothly to its new volt- 
age. The Hold Time is internally set 
to approximately 40ns, but can be 
increased with the addition of an 


external capacitor to the Delay Ad- 
just pin. This is particularly useful 
for CRT applications using two 
DACs requiring matched delays. 

The deglitched analog output 
contains a small residual glitch 
which is similar for each output 
change. These code independent 
glitches can be filtered out to yield 
extremely low noise signals. CRT 
display applications usually specify 
glitch area, which is a bandwidth 
independent parameter. The out- 
put glitch for the DAC-02310 has 
an area of 250mV-ns. 


Along with a low glitch, the 
DAC-02310’s output is program- 
mable with external jumpers for 
+109, -+5V, +2.5V, 0 6-— 10), 
and 0 to —5V operation. Output 
current is SmA, maximum. High 
resolution is provided along with a 
fast settling time of 1 ws for settling 
to within + % LSB for a full scale 
+5V output change. In addition, 
the DAC-02310 contains a preci- 
sion — 10V reference which is avail- 
able for external use. When used, a 
maximum output current of 1mA is 
provided. 


For critical applications external 
adjustments are provided for 
pedestal, delay, gain, and offset. 
Pedestal is an output offset error 
due to the deglitcher. Using an ex- 
ternal potentiometer this error can 
be zeroed, or in the application of 
two DACs controlling the X and Y 
channels in a CRT beam, the errors 
can be matched. External pots can 
also be used to match DAC chan- 
nels for offset (OV) or gain (full 
scale voltage). 

Power supply requirements are 
+ 1SVDC @ 50mA, max, — 15SVDC 
@ 35mA, max, and +5V 
100mA, max. The DAC-02310 is 
hermeticly sealed and is available 
screened to MIL-STD-883. For ad- 
ditional information about DDC’s 
DAC-02310, call the nearest DDC 
office listed below. LJ 


CERTIFIED AND 
QUALIFIED TO 


MIL-STD-1772 


ILC DATA DEVICE CORPORATION 


HEADQUARTERS AND MAIN PLANT: ILC Data Device Corporation, 105 Wilbur Place, Bohemia, N.Y. 11716, (516) 567-5600, TWX: 510-228-7324 
WEST COAST (CALIF.): WOODLAND HILLS, (818) 992-1772, TWX: 910-499-2674; SANTA CLARA, (408) 244-0831, TLX: 172775; HUNTINGTON BEACH, (714) 840-5723 
WASHINGTON, D.C. AREA: (703) 893-7989, TWX: 910-997-0967; NORTHERN NEW JERSEY: (201) 785-1734, TWX: 130-332 
EUROPEAN OFFICE: 01-387 4599, TLX: 851-261967; UNITED KINGDOM: (44) 635-40158, TLX: 851-848826; FRANCE: (1) 4-333-5888, TLX: 842-630609 
WEST GERMANY: (08191) 3105, TLX: 841-527128; SWEDEN: 46-8-920-635, TLX: 854-10952; JAPAN: (03) 490-0203, TLX: 781-34158 


Circle No. 5 for Sales Contact 
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AND THAT 
WAS THE WAY 
IT WAS 
FEBRUARY 1966 “\ 


This microelectronic con- 
nector is designed for the 
interconnection of in-line 
or plug-in flat-pack types 
of integrated circuits. 
Model MPC4 from Metals 
& Controls Inc is a 
spring-loaded connector 
with 16 positions consist- 
ing of two rows of eight 
spaced 0.200 in. apart 
on 0.100-in. centers for 
use with 16-pin flat 
packs. 
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In a small metal box be- 
tween poles of large elec- 
tromagnets, scientists vi- 
brate atoms of a crystal up 
to 20 million times a sec- 
ond. The atomic shaking re- 
veals the complicated interi- 
or structure of crystalline 
= materials, which cannot be 
studied with equal detail by 
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sting: e up in tic 
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a 0 
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CALLING DICK TRACY 
DECEMBER 1981 


The era of the wristwatch remote controller has ar- 
rived with the Type 6600 IC. This chip from Commo- 
dore International works in conjunction with a stand- 
ard watch circuit or as a stand-alone controller. The 
audio-output model provides two switch-selectable 
signals, one at roughly 8 kHz and the other at ap- 
proximately 5.4 kHz. Using a standard wristwatch 
transducer, you can remotely control (on/off/on) two 
ac appliances from as far away as 40 ft. The ultra- 
sonic version outputs a modulated replica of its 
32-kHz input clock; one switched pin modulates the 
signal at 128 Hz, the second at 256 Hz. The 6600 is 
available in chip form at $0.75 per chip (1000). 
(Not a commercial success. Dogs usually ate the 
ultrasonic version.—Ed) 
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HEATHEN 


RITUAL 

NOVEMBER 1975 > : 
Over the last few years, ‘“what.”’ x 
you've heard a lot about Basically, system soft- \ 
different processors: what | ware is a tool set, sup- seh 
you can achieve with plied by manufacturers, 

them and how you that allows you to con- 

should go about imple- Struct applications pro- 

menting them. Through it | grams. Nothing more, 

all, somewhere in the nothing less. Unfortu- 

background, there has nately, most engineers 


been an unknown quanti- | aren’t given the oppor- 
ty—software. Resembling | tunity to learn much 

a sort of weird pagan rite | about »P software me-_ . 
to the uninitiated, soft- chanics. Ignorance may~< 
ware and its results de- be bliss to some, but it 
pend more on the ‘‘how’’ | has no place in an engi- .. 
to do rather than on the neer’s ‘‘heaven. ”’ 


PETAL PUSHER 


JULY 1958 ‘W 


Reportedly the fastest of types and punches coded 
its kind, a new 750-word/ | holes while the paper 

min message printer and moves through the unit at 
code puncher has been 7.5 in./sec. Kleinschmidt 
revealed by the Army. Laboratories Inc devel- 
The device uses a wheel oped the mobile printer- 
rimmed with letters that puncher. 

spins at 3750 rpm. When (Looks like the first 

the correct letter comes daisy-wheel printer.—Ed) 
into position, a hammer 
Slaps the paper against 
the type wheel. The unit 
operates five times faster 
than normal conversation 
and 10 times faster than 
normal teletypewriter 
equipment. Using a ’-in. 
paper tape, the device 
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‘ 
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Tomake the right 
protocol connections, 
ont get aboard. 


Each time you connect a PC or peripheral 
to your IBM System 34, 36 or 38, you face a 
dilemma. If you buy a board level protocol con- 
verter, you have to install it yourself — and | 
use up a slot doing it. If you buy a multiport | 
converter, you might be paying for ports you | 
don’t need. 

That’s why we’re pleased to announce our 
one-port, portable Series IIIT TWINAX protocol 
converter. Compact and affordable, it’s perfect | 
for communications applications that require a 
single local port. 

Best of all, the Series III converter doesn’t 
require technical expertise. Simply plug it in and 
it’s ready to go. And it can be moved easily from 
device to device as your needs dictate. 

The Series II] TWINAX converter 
provides IBM System 3X connections for most 
devices, including printers, CRT’s and micro- 
computers (such as IBM, Wang and Macintosh). 
It can be used with a low cost modem to give a 
remote device access to the 3X as well. And like 
our Series II multiport TWINAX converter, it 
incorporates three levels of internal diagnostics, 
menu-driven pro- | 

grammability, | 
printer passthrough, 
file transfer and 
25th status line 
capabilities. 
So now, you can 
take care of virtually all 
your single port protocol 
connections without 
getting a board. Call us 
today at 1-800/531-5167 (in 
Texas, 512/836-8080) or write 
* KMW Systems Corporation, 
Bee 8307 Highway 71 West, Austin, 
Ss Texas 78735. 


ena A 


— —— -_ 


KMW 
SYSTEMS 
CORPORATION 


For the nght connections 


Auscom is now a division of KMW Systems Corporation. 


Registered trademarks: IBM, IBM System 3X, IBM System 34, 36, 38 — 
International Business Machines Corp.; Wang— Wang Laboratories, Inc.; 
Macintosh — Apple Computer, Inc. 
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Digital and Tektronix invite you 
to discover how powerful CAE 
can be. 

Digital Equipment Corporation 
and Tektronix, |nc.announce a new 
era in CAE performance. 

One that combines Digital 
computers and Tektronix Aided 
Engineering software to create 
the perfect fit for all your electronic 
design needs 


Digital, GPX, VAX 8800 and VMS are trademarks of Digital Equipment Corp. UNIX is a trademark of AT&T Bel! Laboratories. 
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Imagine 
the power 
of an inte- 
grated family 
of complete 
software 
solutions 

addressing each aspect of your 
oroduct development cycle. 
Running on the full line of popular 
Digital computers. From the 


innovative new VAXstation II/GPX™ 
color workstation to the VAX 8800" 
mainframe computer. 

VAXstation II/GPX is a high- 
performance 
color work- 
Station giving 
you not only 
powertul 
high-speed 
graphics but 


ee 
See 


BSOnE 
eee 


BE 
ee 


cairo 


Hate Saanoeanes 


sents 
Serres Rigunren en 
EO eae ees ea 
SU Sa SoU SnD 


tae 


HIRES BEETS: 


TT 


also multiple and even ss im with concurrent access your local Digital sales office. For 


transparent windowing to 


to the entire project. information on Tektronix Aided 
any VMS™ or UNIX™ 


In addition you can Engineering software, call your loca 
based computer system, share information andre- — Tektronix, CAE Systems Division 


anywhere on the network. eee SOUrces across multiple Sales office. 
All of which makes eres seem (| )igital workstations 


Digital and Tektronix a — = throughout the network. 
perfect fit. Because Tektronix Aided — That's Tektronix team engineering. 


Engineering lets you partition even Digital and Tektronix. The perfect 
the biggest design, so that teams fit for all your CAE needs. For infor- Tekt - 
of engineers can work tn parallel, mation on Digital computers, call ronbdt 
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MicroWay is the world’s leading retait 
er of 8087s and high performance PC 
upgrades. We stock a complete selec- 
tion of 8087s that run from 5 to 12 
MHz All of our coprocessors are 
shipped with a diagnostic disk and the 
best warranty in the business — one 
year! We also offer daughterboards for 
socketless computers (NEC PC) and 
287 Turbo which increases the clock 
speed of the 80287 from 4 to 10 MHz 
Our NUMBER SMASHER/ECM"”™ runs 
at 12 MHz with a megabyte of RAM 
and achieves a throughput of .1 mega- 
flops with 87 BASIC/INLINE, Intel For- 


SPEED UP YOUR AT 
OR AT COMPATIBLE 
WITH 287 TURBO” 10 MHz 


87SFL”" MicroWay’s Scientific Function Li- 
brary contains 170 scientific and engineering func- 
tions. Callable from most 8087 compatible com- 
pilers ... First Language $250; Additional $100. 


A2D-160” MicroWay’s Data Acquisition Board 
performs 160,000 12 bit Analog to Digital conver- 
sions per second! Includes software drivers. The 
fastest 12 bit A to D board available. For the IBM 
PC XT and compatibles. ................. $1295 


MATRIXPAK™ manages a MEGABYTE! 
Written in assembly language, our runtime pack- 
age accurately manipulates large matrices at very 
fast speeds. Includes matrix inversion and the 
solution of simultaneous linear equations. CalF 
able from RM or MS Fortran, MS Assembler, or 
S7BASIC/INLINE...................6- each $99 


87FFT™ Written in assembly language, per- 
forms Forward and Inverse FFTs on real and cont 
plex arrays which occupy up to 512 Kbytes of 
RAM. Also does convolutions, auto correlations, 
hamming, complex vector multiplication, and com- 
plex to radial conversions. Callable from most 
8087 compatible compilers............... $200 


87FFT-2”™ performs two-dimensional FFTs. 
Ideal for image processing Requires 87FFT $100 


MICROWAY UDI runs RTOS or RMX com- 
pilers under DOS $300 


FASTBREAK™ employs the 8087 to in- 


crease the speed of Lotus 1-2-3” Version 1A or 


TAA DYDD 8 Se ie as $79 
FASTPAK”™ includes FASTBREAK software 
anda 5S MHz S087 Chip. . 2... 3. ois bes $179 


87 Verify” For users who have to be absolutely 
sure of their results! This background task period- 
ically performs an 8087 accuracy and ‘oc 


INTEL ABOVE BOARD... 55. oe CALL 
JRAM, AST, MAYNARD................... CALL 
RM, IBM, MS Fortran..................06- CALL 


P.O. Box 79 
Kingston, Mass. 
02364 USA 
(617) 746-7341 


Mic 


Way 


A MEGABYTE FOR DOS! 


tran, or Microsoft Fortran. Software re- 
viewers consistently cite MicroWay 
software and 8087 expertise as the 
best in the industry! Our customers fre- 
quently write to thank us for reconr 
mending the correct software and 
hardware to meet their specific needs. 
They also thank us for our same-day 
shipping! In addition to our own prod- 
ucts which support the 8087 and 
80287, we stock the largest supply of 
specialized software available. For 
more information call us at 


617-746-7341 


MegaPage”™ Our Intel-Lotus EMS memory 
card. The only EMS board which comes with two 
megabytes of cookrunning, low power drain CMOS 
RAM installed Includes RAM disk, print spooler, 
disk cache, and EMS drivers. For the IBM PC, XT 


enmcompalbles. 60 A $549 


MegaPage AT/ECC™ EMS card forthe PC 
AT and compatibles includes Error Correction Cir- 
cuitry. With ECC, 11 RAM chips cover 256K so the 
usernever encounters RAM errors. With 1 megabyte 
CMOS $699; with 3 megabytes CMOS $1295. 
Optional serial/parallel daughterboard. . ... $95. 


DFixer™ Our disk utility which thoroughly 
checks PC or AT hard disks for bad sectors and 
updates the MS DOS file allocation table accord 
ingly. Solves the AT hard disk problem! ... $149 


DOptimizer™ Optimizes the way your hard 
disk or floppy stores its files. Soeeds up accesses 
by recombining fragmented files............ $49 


DCache™ Our disk caching software speeds 
up your I/O by storing repetitively used tracks in 
memory. The amount of memory used can be 
selected in 64 Kbyte banks ................ $49 


87MACRO/DEBUG™ Contains all the 
pieces needed for writing 8087/80287 assembly 
code & MicroWays 87DEBUG debugger $199 


OBJ—ASM" A multipass object module trans- 
lator and disassembler. Produces assembly lar- 
guage listings which include public symbols, ex- 
ternal symbols and labels commented with cross 
references. Ideal for patching object modules for 
which source is not available.............. $200 


87 BASIC” includes patches to the IBM BASIC 
or MS Quick BASIC Compiler for USER TRANS- 
PARENT 8087 support Provides super fast per- 
formance for all numeric operations including trig- 
onometrics, transcendentals, addition, subtrac- 
tion, multiplication, and division...... each $150 


87 BASIC/INLINE™ converts the output of 
the IBM BASIC Compiler into optimized 8087 
inline code which executes up to seven times fast- 
er than 87 BASIC. Supports separately compiled 
inline subroutines which are located in their own 
segments and can contain up to 64 Kbytes of 
code. This allows programs greater than 128K! 
Requires the IBM BASIC Compiler Version 1 and 
a Macro Assembler. Includes 87BASIC ... $200 
In London, please phone 223-7762 
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8087 Support | 


For the IBM PC, PC XT, PC AT and Compatibles. 


NUMBER SMASHER/ECM" 


THE FASTEST ACCELERATOR 
CARD AVAILABLE 
gives you 12 MHz speed in two modes: 
704K or one megabyte of “Extended 
Conventional Memory.” MEGASWITCH 
MMU and MegaDOS software make it 
possible to run DOS applications with 
up to 1015K using PC compilers, Auto- 
CAD and Lotus 1-2-3. Does not re- 
quire EMS software. Totally compat- 
IIE os from $599 to $1098 
Optional 8087-12... cess $295 


8087 UPGRADES 


All MicroWay 8087s include a one year warranty, 
complete MicroWay Test Program and accurate 
installation instructions. 


8087 5 MHz................ $114 
For the IBM PC, XT and compatibles. 
8087-2 8 MHz............ $149 


For Wang, AT&T, DeskPro, NEC, Leading Edge. 


80287-3 5 MHz........ $179 


For the IBM PC AT and 286 compatibles. 


80287-6 6 MHz........ $229 


For 8 MHz AT compatibles. 


80287-8 8 MHz......... $295 


For the 8 MHz 80286 accelerator cards. 


NEC V20, V30................ $16, $30 
64K RAM Set 150ns................ $10 
256K RAM Set 150ns.............. $29 
256K RAM Set 120ns.............. $39 
128K RAM Set PC AT.............. $49 


287Turbo”" 10 MHz if you own an AT, 
Deskpro 286 or AT compatible, this is the card you 
need to get reasonable numeric performance. It 
plugs into your 80287 socket and includes a spe- 
cially driven 10 MHz 80287. The card comes in 
three configurations. The IBM AT version includes 
a hardware RESET button ................ $450 


287Turbo 8 MHz................... $369 


87/88Turbo’” isa stubby card which includes 
a Clock calendar and a speed controller which 
changes the speed of your motherboard from 4.77 
to 7.4 MHz Its use requires your PC to have a 
socketed 8284. Typical speed increase is 1.6 to 
2.0. The card overcomes slow hardware by slow- 
ing up only when such devices are accessed and 
running at full speed otherwise ........... $149 
Optional S087+2 =: io ee $149 


286 TurboCache” This new MicroWay ac- 
celerator uses 8K of cache memory and 80286/ 
80287 processors to provide an average speed 
increase of 3:1 for most programs. Call for 
specifications and benchmarks ........... $469 


Call for our complete catalog of 
software which supports the 8087. 
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YEARS EARLY 

OCTOBER 1967 W it’s here that the real fu- 
In the ‘‘custom’’ LSI ture of LSI is expected to 
field, the major focus develop. 

rests on the standard cell (It wasn’t until the 
and custom interconnect early 1980s that custom- 
with its promise of low er-designed ICs became 


cost per function. Realis- | practical and cost effec- 
tically, this is what LSI tive to most design- 
excitement is all about: ers.—Ed) 


OPTIONS 
INCLUDE 
SHOEHORN 

SEPTEMBER 1956 'W 


An Army experimental 
helmet contains the 
smallest known 2-way 
military radio. Weighing 
only 1 Ib, this helmet- 
radio uses transistors 

for minimum size and 
weight. Developed by the 
US Army Signal Corp En- 
gineering Laboratories, 
this new radio is battle- 


rugged and allows 2-way 5 
conversations, bringing can T 
walkie-talkie communica- ISTAKE IT 


NOVEMBER 1966 


The year 1966 has 
an unmistakable ange 
Strong trend toward the 
use of Integrated circuits 
in equipment design. Fur- 
ther, digital techniques 
are being used to a much 
Qreater degree that ever 
before. The day will Sure- 
ly arrive when a Capabili- 
ty in digital techniques 
an intimate knowledge of 
integrated Circuits, and 
Proficiency in Computer- 
aided design will be es- 
sential to every electron- 
ICS engineer. To us at 
EDN, the results of ignor- 
Ing these new tools ae. I 
inescapable. If you are 
_ learning to use them 
a) oro pe ead 
Kling ie : Suptination Is 


tions to individual rifle- 
men. At full capacity, the 
helmet set can reach ra- 
dios up to a mile away 
and can hear powerful 
stations at even greater 
distances. The new com- 
bat FM set operates con- 
tinuously for a half day 
on one set of dry batter- 
ies. 
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PICTURE- 
PHONE IS 
STILL DEAD 


APRIL 1967 > 


A new TV camera tube 
that was developed for 
possible use in future 
models of the ‘‘Picture- 
phone’ visual telephone 
was announced by Bell 
Telephone Labs. The new 
tube, which uses a 
Square array of over 1/4 
million Si photodiodes, 
has a potential operating 
lifetime of several years. 
It’s more sensitive than 
present camera tubes, 
which means that less il- 
lumination is needed to 
televise a scene. 
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ATTACK OF THE KILLER ROOTS 
JULY 1974 <@ | 


Many of us have a 4-function or more calculator for 
doing basic arithmetic calculations. However, you 
may not be aware that these machines can do much 
more. Using a few hints and tricks not always found 
in the manuals, your simple 4-function calculator can 
perform some of the same slide-rule calculations 
done by the multifunction machines, such as roots, 
logs, and trig functions. With the 4-function calcula- 
tor, you need to make a few more entries; however, 
it doesn’t always provide as great an accuracy as the 
multifunction devices. 


HISTORICAL PERSPECTIVE 
NOVEMBER 1974 


The microprocessor is here to stay. Right now more 
of the little 4-bit microprocessors are being produced 
each month than the total number of mini and maxi 
computers produced to date. The first of the second- 
generation 8-bit machines is now in the hands of 
equipment designers, and it is certain that the de- 
vices will start to see volume production before the 
end of 1975. Within the next few months, the 16-bit 
MOS wPs will be out in sample quantities; from the 
preliminary information presented in this first EDN 
annual .P directory, it can be seen that these third- 
generation machines have completely caught up with 
minicomputers. 

And in 1975, the term ‘‘wP’’ will literally mean 
anything from a $20 parts kit for a 4-bit machine 
that will put a stored-program, general-purpose digit- 
al computer into the checkout counters of your local 
grocery store to a $1000 kit of parts that will allow 
the garage shops of our industry to quote on super- 
computer contracts for aerospace. 
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MARK OF EXCELLENCE FOR THE 
WORLD'S NO. 1 OEM BUS. 


When you're choosing from more than 200 
suppliers of Multibus* boards, software and systems, 
make sure you get the best of the best. Look for the 
MMG “Mark of Excellence.’ 

MMG—the Multibus Manufacturer's Group—is 
an independent organization comprising established 
industry leaders and aggressive young companies. All 
sharing a dedication to Multibus I and Multibus I as 
the architectures of the future. All committed to inno- 
vation and quality. All to give you the competitive edge. 


Innovation to keep you on the leading edge. 
Thanks largely to MMG members, nearly every 
breakthrough of the past ten years has appeared first 
on Multibus, well ahead of other OEM buses. 

With today’s Multibus I and II products, you can 
build systems powered by 80386, 68020 and 32032 
39-bit CPUs, running industry standard operating 
systems, and supporting the latest I/O technologies 
suchas MAP/TOP speech and vision. 


The mark of Quality. The MMG mark is your 
assurance of quality, too, in the tradition of the bus 
itself. MMG members have set guidelines to ensure 
the quality and reliability you expect from an architec- 
ture supported by over 2 million installed CPUs. 


Commitment to architecture. And to you. Ina 
world of schizophrenic standards, Multibus remains 
the most flexible, powerful, secure system environ- 
ment ever created for OEMs. And, you can depend 
on MMG companies to help you build your 
competitive advantage. And keep it. 

For more info on the 49 MMG companies, anda 
coupon worth $10 off the next issue of the Multibus 
Buyers Guide,7 circle the reader service number, call 
or write: MMG, P.O. Box 6208, Aloha, OR 97007. 
(503) 642-3366. 


MULTIBUS MANUFACTURERS GROUP 
COMMITMENT « INNOVATION + QUALITY 


* Multibus is a trademark of Intel Corp. 
+ Published by Technical Publishing Co., Barrington, He. 
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MMG Member Companies 

Amtelco Efisysteme S.A.R.L. 
Analog Devices Electronic Solutions 
Analogic Excelan 

Anasco Future Data 

Bit-3 Computer Harris Semiconductor 
Burr-Brown Heurikon 

Central Data Corp. Intel 

Chrislin Industries Interphase 

Ciprico Metacomp 

Cygic Corp. Micro/Sys 

Data Translation Micro Industries 
Densan/Pascot Micro Managers 
Digitronics Micro Memories 
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Microbar Scientific Micro Systems 
Microdesign SESCO/Titan 

Mini Computer Technology Single Board Solutions 
Monolithic Systems Corp. Sky Computer 

Mupac Systec 

NCR TITN 

Omnibyte VMI (Vermont Micro) 
Omnicomp Graphics Xylogics 

Qualogy Zendex 

Robotrol Zitel 

SBE 

Scanbe 

Schroff 
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CALCOMP’S 
RESOLUTIONARY ADVANCE 
IN ELECTROSTATIC 

COLOR PLOTTERS. 


Vivid color comes to high Registration is unmatched. new standard in accuracy and 
resolution electrostatic plotters. Our patented electronic system reliability. 

CalComp introduces its new registers each pass without And your maintenance will 
0800 Series. Resolution is up any mechanical adjustment. be minimal due to CalComp’s 
to four times that of any other Simply, there are no moving exclusive Enviroclean™ toning 
color electrostatic plotter—an parts so you are assured of a system. Extensive diagnostics 
incredibly sharp 160,000 dots- 2 are built right in. And each 


per-square-inch. The result plotter is backed by CalComp’s 
is better definition, sharper worldwide field service 


lines and a smoother transi- network. 

tion of colors. For a closer look at these 
Unlike other electrostatic resolutionary plotters, write 

plotters, the 5800 Series fea- CalComp, P.O. Box 3250, 


tures random vector input. This Anaheim, CA 92803. Or call 
eliminates the need for add-on 1-800-CALCOMP. 


controllers that take up extra 


space. And the 5800 provides 
A Sanders Company 


internal rasterization and color 
separation to offload the host 
computer and increase plot 
throughput. 
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THANKS, BUT 
PLL KEEP 
MY VIC-20 
FEBRUARY 1969 A 


It’s hard to tell calcula- 
tors from computers 
without a program these 
days, and Wang Labora- 
tories’ new typewriter- 
sized Model 700 does not 
make it any easier. The 
Advanced Programmable 
Calculator—a 
subcomputer—provides 
such standard hardware 
operations as logs to 


| base e and base 10 as 


well as the constant 7. 
The calculator handles 
extended programs that 
contain as many as 960 
steps, and it provides 
120 data-storage regis- 
ters. Each register can 


add, multiply, divide, and 
subtract two values. 

A dual bank of Nixie 
tubes shows the result of 
a calculation, and a rear- 
panel connector lets you 
connect the calculator to 
an IBM Selectric printer. 
Programs may be stored 
permanently through the 
built-in cassette recorder. 

It’s the speed that puts 
this new tool in the sub- 
computer class—300- 
wsec add time, 3-msec 
floating-point multiply, 
and 15 msec for logex. 
Trig functions take a little 
longer—250 msec. The 
Model 700 carries a 
$4900 price tag. 
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DesignLine is a trademark of Ziff Communications Company, 


hat’s right, an hour of time 

onthe most advanced on-line 

database available to electronic 
engineers. Advanced, because It's 
designed by engineers for engineers — 
just the way you would have designed 
it yourself, 

It's called DesignLine; and it gives 
you extensive engineering information 
services for the way you work. From 
finding pin-for-pin replacement parts 
instantly to displaying critical specs. 
From ordering complete CAD/CAE 
libraries for your engineering work- 
station to accessing popular simulation 
and analysis tools. DesignLine does 
this and more, all at your terminal 
or personal computer. 

And it’s all yours for one hour, 
absolutely free. 

We're glad to give you an hour on- 
line to let you see how much time you 
can save using DesignLine. 

For example, now you can stop 
wading through bulky data books, risk- 
ing outdated product catalog specs 
and suffering through long internal 
development times.With DesignLine, 
you'll find parts faster— either by part 
number or description. You'll have 
a comprehensive, continuously up- 
dated database. And you'll be able to 
display schematic symbols, package 
outlines and mechanical drawings. 

Of course, this is only asample 
of our services and constantly expand- 
ing data.So whether you're already 
looking for an on-line database or 
“interested in what it can do for you, 
| grab the phone and call our toll-free 
—— number for your password and free 

starter kit to see the rest. 

Because all of this, and more, is 
already waiting for you. 


BORER BERKS 2 


(In California, 
call 800- 
632-7979) 
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Limited offer. 
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Engineering Information Services 


A Division of Ziff-Davis Technical Information Company 
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LOOK 
MA... 


HANDHELD 
HANDICAP- 
PERS 

SEPTEMBER 1981 > 


Statistical analysis is tra- 
ditionally boring, even if 
you're using a powerful 
machine. But four other 
Statistical programmable 
calculators on the market 
guarantee to keep you 
wide awake—they’re all 
programmed to handicap 
thoroughbred horserac- 
ing. How do the pros 
view these computers? 
Says Tom Flanagan, au- 
thor of Beat the Races 
(Arco Publishing): 
“Studying the [Daily Rac- 
ing Form] . . . gives the 
opportunity to apply 
[your] mind to something 
really worthwhile, be- 
Cause predicting the win- 
ner of a horse race is an 
intellectual inquiry of 
amazing depth and diffi- 
culty. Nowadays the 
PhDs and the mathemati- 
cians, armed with com- 
puters, are studying the 
racing game, but they’ll 
find out that it isn’t as 
easy aS making an atom 
bomb.”’ 


A BEAUTY 
TO BEHOLD 
FEBRUARY 1985 


One of the most glamor- 
Ous new printer techno- 
logies is laser printing, 
which has long been 
touted as the solution to 
all printing problems. 
Laser printers operate 
quietly and produce high- 
quality images, and 
they’re fast. In fact, be- 
cause they handle text 
and graphics in precisely 
the same manner, it 
makes more sense to 
measure throughput in 
terms of pages per min- 
ute rather than characters 
per second. 


REPORTS OF 
DEATH 
EXAGGERATED 
FEBRUARY 1968 


According to one speaker 
at a panel discussion at 
the ISSCC/68 conference, 
‘‘vacuum tubes are very 
much alive today and 
have been enjoying price 
increases over the past 
two years. All this de- 
Spite the fact that tubes 
were expected to be dead 
5 years ago.”’ In the final 
analysis, ICs are going to 
have rough going in the 
very cost-conscious con- 
sumer market. 
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Some FIFOs are deep, some 


are fast. These FIFOs are deep. 


And fast. 


The IDT7202 1024x9 is the deepest 
FIFO in the world. The IDT7201 is 
512x9. Both provide the same fast 
45ns read/write cycle time. Yet power 
dissipation is only 5}00mW. Our 
advanced CEMOS™ II technology 
makes it possible. 

Both devices are pin and func- 
tionally compatible with the Thomson 
Components-Mostek MK4501 but run 
twice as fast. Use the IDT7201 
as a pin-for-pin replacement 
or insert the 1024x9 IDT7202 


Or 
and double the density of your Tip > 


ls 
| [ee 


existing sockets. 


Moztek Compan 


World's Biggest 


1024x9 FIFO 


ACCESS 


Modules. 
We also package four of these FIFOs, 
built in LCCs, on a co-fired multilayered 
ceramic DIP substrate. The result is two 
extraordinarily dense, fast, rugged low- 
power subsystems. Available now. 


4Kx9 FIFO Module: IDT7M204. Com’. 


access time (worst case) is 40ns. 


2Kx9 FIFO Module: IDT7M203. Com'I. 


access time (worst case) is 40ns. 


Providing bipolar speed, 

WV highest quality, with CMOS 
\2” power and compactness. 
Available now. 


Available now. LJ 32-pin 
DIPs (both plastic and ceramic) 
L] 32-pin ceramic LCC (a low-cost 
32-pin J-leaded plastic PLCC and 
LJ incredibly dense modules. 


Features. The IDT7201/7202 are 
dual ported and can be written to and 
read from asynchronously and simul- 
taneously. (J Unique RAM pointer 
architecture eliminates fall through 
time CL full, empty and half-full flags 
('A’ version) CJ rapid data retransmit 
LJ full 9-bit parity width ideal for serial 
communication systems L easily 
expandable by width and depth. 


Leaded PILE 


16x16 Multipliers: IDT7216/ 
7217 replaces MPY016H/K, 
Am29516/17and WTL1516. Com’. 
speed (worst case) is 35ns. 


16x16 Multiplier/Accumulators: 
IDT7210 (35-bit output) replaces 
TDC1010. 0 IDT7243 (19-bit out- 
put) replaces TDC1043. Com'l. 
speed (worst case) is 35ns. 


12x12 Multipliers: IDT7212 

replaces MPY012. (11 1DT7213 is 

single clock. Com’l. speed (worst case) 
is 30ns. 


CEMOS and MICROSLICE are trademarks of 
Integrated Device Technology, Inc. 


 Ezsily Expandaple 


The rest of the DSP family. 


TIME 


Me 


12x12 Multiplier/Accumulator: 
IDT7209 replaces TDC 1009. Com’! 
speed (worst case) is 30ns. 


64-bit IEEE Floating Point Multiplier 
and ALU: IDT72064/065 replaces 


Weitek 1064/65—2.5 megaflops, 


double precision multiply. 

LC IDT72264/265 replaces Weitek 
1264/65—5 megaflops, double preci- 
sion multiply. Available 4Q86. 


May we be of assistance? 

Call 1-800-IDT-CMOS or your local IDT 
representative for a copy of our Applica- 
tion Note— explaining how to use deep, 
fast FIFOs— and a Product Selector 
Guide on high-speed CEMOS™ 
MICROSLICE™ (bit-slice products), 
Subsystems, DSP Circuits (mul- 
tipliers, MACs and FIFOs), ultra-fast 
Logic and one of the fastest, broadest 
lines of Static RAMs in the world. 


Leading the CMOS Future 


Integrated 
Device Technology 


Digital Signal Processing Division 


3236 Scott Blvd. 

Santa Clara, CA 95054-3090 
(408) 727-6116 

TWX 910-338-2070 
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SUPER NOVA 
DECEMBER 1968 > 


A neophyte to the com- 
puter field, Data General 
Corp will introduce the 
first general-purpose 
computer designed 
around medium-scale in- 
tegration (MSI) at the Fall 
Joint Computer Confer- 
ence. The company 
claims it is also the first 
small computer organized 
around the multiaccumu- 
lator architecture found in 
larger third-generation 
computers. 

The basic computer, 
called the NOVA, has four 
15x15-in. boards. Two 
of the boards are the 
central processors and 
include all of the control 
logic for instruction exe- 
cution. The third board is 
the 4k words of memory. 
The fourth board controls 
as many as eight periph- 
eral devices. The comput- 
er case holds as many as 
seven boards. Vacant 
slots provide space for 
extra memory or periph- 
eral-controller boards. 


MEMORY 
NONVOLATILE 
TO 451°F 
JULY 1976 > 


If you’re getting back to 
basics, you can’t go far- 
ther than the OP-80A 
high-speed paper-tape 
reader. And if you think 
calling a device with no 
moving parts ‘high 
speed”’ is whimsical, 
think again, since the 
OP-80A can read paper 
tape as fast as you can 
pull it through. Unless, of 
course, you can pull the 
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tape faster than its maxi- 
mum rating of 5000 cps, 
which translates to a tape 
speed of approximately 
500 ips or 28.4 mph (no 
motors please). 

(Good thing disks 
came along, as progress 
in paper-tape technology 
would have been severely 
hampered by the 55-mph 
speed limit.—Ed) 
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CHILD’S PLAY 
JANUARY 1957 A 
A low-priced, general- 


purpose computer featur- 


ing external programming 
is designed for problems 
too small for giant sys- 
tems but too tedious for 
calculators. Compact in 
size, the unit occupies 
less than one-half the 
floor area of a desk. Key 
design features of the 
E101, built by Burroughs 
Electrodata Div, is an ex- 
ternal pinboard program 
containing instructions to 


WIN SOME, 
LOSE SOME 


FEBRUARY 1966 

(These quotes are 
taken from an interview 
with C L Hogan when he 
was head of the Semi- 
conductor Div of Motoro- 
la.—Ed) 


EDN: Are the foreign 
manufacturers, particular- 
ly in Japan, giving the in- 
dustry any real competi- 
tion? 

Hogan: No, they never 
have. And | think the 
probability that they ever 
will is now diminishing 
with time. One of the rea- 
sons is that the very 
technology of producing 
the low-cost transistor ul- 
timately will give us a 
transistor with the total 
direct labor cost of much 
less than a penny per 
unit. And whatever Japan 
can do to beat that will 
give them no advantage 
at the marketplace. 
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the computer, which may 
be changed quickly for 
different applications. 
Permanent program stor- 
age is provided by paper 
template overlays, which 
may be filed for future 
use. A 100- or 220-word 
internal magnetic memo- 
ry drum stores numeric 
information. Computa- 
tional speeds are 20 addi- 
tions or subtractions and 
four multiplications or di- 
visions per second. 


Convenient access to the 
program board is a design 
feature of this office-size 
computer. The manufacturer 
claims it is 40 times faster 
than the calculator at the 
left of the computer. 


oe 


IT’S LUGGABLE 
MAY 1980 A 


Designated the Miniterm 
Model 1206/PAT, this 
portable, self-prompting 
computer employs pre- 
programmed application 
modules. Programmed 
for interactive prompting, 
the Basic modules allow 
unskilled operators to 


handle source data entry 


| and computing. Users 


load programs via mini- 
Cassette when the com- 
puter is energized. It con- 
tains 64k of memory, 
with half its workspace 
set aside for application 
programs. Other features 


FALLING AND 
RISING SUNS 
DECEMBER 1959 


German companies pro- 
duce high-fidelity equip- 
ment, car radios, and 
home receivers that are 
imported into the US at 
competitive prices. It is 
interesting that a greater 
use of wood cabinets is 
made by German crafts- 
men than the Japanese, 
who are using durable 
plastics for many of their 
receiver cabinets. Most of 
the European imports use 
vacuum tubes in lieu of 
transistors and, in mass 
production of semicon- 
ductors, it would appear 
that the Japanese have a 
Slight edge. 


of the $5195 computer 
from Computer Devices 
Inc include an 80-col- 
umn, 50-cps thermal 
printer, minicassette 
drive, modem, and 
acoustic coupler. The unit 
weighs 17 Ibs. 
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Longhours. — 
Late nights. | 
Lost weekends. © 


Nobody said 
choosing an ASIC company 
- Was going to be easy. 
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Xerox spent ayear 
examining the same 
- ASIC companies youre 
looking at now 


Only one made it 
to the top. 


Long hours. Late nights. Lost week- 
ends. Nobody said it was going to be easy. 
But choosing the right ASIC manu- 

facturer is critical to your product’s 
success — and perhaps your company’s. 

So when Xerox anticipated their 
long-term needs for CMOS gate arrays 
and standard cells, they constructed 
a comprehensive list of criteria and 
launched a world-wide search. 

That search took more than a year 
and involved over 30 companies. In the 
end, only one had the right combination 
of sophisticated design tools, extensive 
cell libraries, dedicated engineering 
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and support staffs, well-established 
manufacturing strength, the flexibility to 
meet customer needs, and a demon- 
strated long-term commitment to ASIC 
technology. 

Because Xerox knew they needed 
more than just an ASIC supplier. . . they 
needed an ASIC technology alliance. 

That’s why Xerox chose National 
Semiconductor. 

Ifyou want to learn what Xerox 
learned about National, just write: 


National Semiconductor Corp. 
MS/23-200 

P.O. Box 58090 

2900 Semiconductor Drive 
Santa Clara, CA 95052-8090 


WHEN 
LESS... 
NOVEMBER 1966 > 


The EPIC programmer is 
a good example of the 
size reductions that ICs 
can Offer. This system 
Originally was built with 
discrete components and 
then redesigned with inte- 
grated circuits. In the 
process, 5200 in? of elec- 
tronics weighing 70 Ibs 
were reduced to 36 in® 
weighing 2.5 Ibs. 


JUNE 1984 


The semicustom-IC-based 
system that EDN built re- 
quires a pc-board area of 
only 13 in? compared 
with 50 in? for our stand- 
ard-component system. 
Gate-array use results in 
an overall savings of 
$53.35, or 47%, on the 
assembled cost of our 
system’s main circuit 
board. 
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20 SPS IN 
ONLY 1000 IN? 
OCTOBER 1957 p> 


This analog-to-digital 
converter, which pro- 
duces 20 complete read- 
ings per second, is con- 
structed with simplicity of 
Operation and mainte- 
nance as the primary fac- 
tors. Utilizing 13 scanner 
units, one for polarity 
and 12 for digital pulse 
train readout, the con- 
verter measures less than 
1000 cu. in. All the scan- 
ners are identical and 
completely interchange- 
able in modular fashion. 


STANDARD 
LINES 
APRIL 1983 


CAE workstations are far 
from standardized. Work- 
Station design involves 
considerable subjective 
judgment; hence, specific 
products differ widely. 

(This year, CAE hard- 
ware has finally standard- 
ized on the IBM PC fami- 
ly, Apollo workstations, 
and DEC VAX computers. 
However, the CAE soft- 
ware market is still as 
confusing as it was in 
1983.—Ed) 


GaAs GIVES 
GOOD HI-FI 
FEBRUARY 1967 


A new experimental GaAs 
junction diode with three 
terminals instead of two 
permits modulating a car- 
rier frequency as well as 
tuning the microwave 
output. To date, the new 
device has generated car- 
rier frequencies from 60 
Mc (that’s MHz 
now—Ed) to 2.5 GHz and 
has transmitted voice and 
music over them. While 
analysis is not complete, 
Dr Leon Nergaard, direc- 
tor of RCA Labs’ micro- 
wave research program, 
thinks the unusual capa- 
bility comes from the in- 
teraction of the Gunn-ef- 
fect and the field-effect 
phenomena. 
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Technology leaders’ interest 
in silicon-on-spinel could 
portend widespread shift in 
circuit technology, affecting 
logic, microwave, and opto- 
electronics. 
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WHATEVER 


BECAME OF 
SPINEL? 


JANUARY 1971 <@ 


Spinel, a substrate mate- 
rial that is 10 times 
Stronger than the ordi- 
nary glass it looks like, 
may give MOS digital cir- 
cuits the speed and econ- 
omy to wrest top place 
from TTL bipolar logic 
circuits. Spinel also may 
give microwave hybrid 
circuits and optoelectron- 
ic circuits new directions. 
Spinel’s effect as a sub- 
Strate material for silicon, 


IN TTL DATA 
BOOKS 
EVERYWHERE 
MARCH 1959 & 


Transistorized. plug-in, 
digital circuit modules for 
medium speeds (200 
kHz) are constucted on 
rigid laminated glass 
boards that may be re- 
moved for servicing or 
program changes. Com- 


gallium arsenide, and 
other semiconductor ma- 
terials will not be fully 
predictable, probably, 
until the mid-1970s. But 
technology leaders’ inter 
est in this material and 
the wide range of truly 
new circuit-construction. 
approaches it promises 
indicate that spinel may 
kick off yet another fun- 
damental shift in our 
technology. 


ponent markings on the 
circuit board simplify ini- 
tial assembly and any 
subsequent repair. Eye- 
lets and printed-circuit 
connectors are not used, 
eliminating two major 
causes of failure in etched 
circuit modules. 


OW, TO 
DEVELOP 
CP/M 

JULY 1976 


Highlighting an important 
trend in microprocessors, 
the Z80 is a third-genera- 
tion system, compatible 
with the popular 8080, 
but offering advanced 
features. The single-chip 
Zilog Z80 CPU features 
158 instructions, includ- 
ing all 78 of the 8080's 
instructions. Samples of 
the Z80 are available now 
for $200, with production 
quantities (5000s) ex- 
pected to be in the $20 
range. 

(It now costs 75¢ for 
one piece or less.—Ed) 
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“Like we said, our one printer 
would replace four of their old 
daisywheels.” 


“Funny to think where we were 
just a year ago, isnt it?” 


at we would still be 


~ Only one 32-bit 
microprocessor could 


sliver the performance 
aproducts needed for 
r new laser printer. 


_ National’ 
Series 32000 family. 


, roducts neededapower- National Semiconductor. 

ul product to fill an important So Dataproducts met the 
market demand for a high- 
performance cost-efficient 
printer speeds into daisy- _ solution. 

wheel environments. So they Which means the Series 
developed the LZR-2630. It 32000 is not only the right 
printsupto26pagesaminute, engineering decision for today, 
| page at a time, on demand. it’s also the right business 


its fully compatible with decision for tomorrow. 
e enormous installed base of Find out how you can build 
rdprocessing software. the future into your own 32-bit 


“The secret of such speed design. Contact National 
and flexibility is National’s Semiconductor today 
Series 32000° family. National Series 32000. MS 23-200 
The Series 32000 performs ie E8000 | 


three times faster than its Santa Clara, CA 95052-8090 
nearest competitor in this appli- | 
cation. So Dataproducts got the 
throughput they needed for 
their ultra-fast printer's engine. 
{ sot a powerful set 
tools, compre- 
ac systems, full 


DELUSIONS 
OF GRANDEUR 


JUNE 1977 


Seemingly every day, 
new, more powerful 
microprocessors come to 
light, putting extra pres- 
sure on the minicomputer 
houses. Worst of all, 
chip manufacturers are 


becoming system houses 
in their own right. 
Sounds like unholy war, 
doesn’t it? Says one 
high-level source at Na- 
tional Semiconductor, 

. | predict you'll see 
the day when we absorb 
a DEC into our company 
—as just another divi- 
sion.’’ 
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CURRICULUM | 
COMPLAINTS 
IN 1957... 
AUGUST 1957 © 


The one big difficulty that 


chief engineers almost — 
uniformly complain about 
is the poor grounding 
many engineers seem to 
have received education- 
ally for their work. ‘‘We 
get enough men to inter- 
view,’ said one chief en- 
gineer, ‘‘but most of © 
them are weak in funda-_ 
mentals.”’ If more basic 
grounding is required, 
then it may be desirable 
to expand the fundamen- 
tals course, perhaps at 
the expense of some ad- 
vanced study of some 
other segment of me 
field. 


GET A JOB 
MARCH 1967 @ 


. . » ECHOED 
IN 1975 


OCTOBER 1975. 
Colleges and universities, 


the spawning grounds for 
future engineering inno- 
vations, are missing the 
boat in their curriculum 
and educational approach 
for engineers—particular- 


ly electronics engineers. 


Our hallowed institutions 


_Of higher learning could 
do a better job of prepar- 


ing future technologists 
for their entry into the 
real world. 
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FIRST DATE 


FOR A VERY 

JUNIOR PROM 

NOVEMBER 1970 A 

The $945 Model 402 WATCHING TECHNOLOGIES bat 

from Spectrum Dynamics NS 

is designed specifically to APRIL 1968 > oN man Set Sve =) 
establish patterns on pro- A new electronic watch ran away with all of the ee yop z- ; Ga 
grammable integrated-cir- honors in the industry's top competition, the 102- : iW: 

cuit read-only memories. year-old International Chronometric Competition—the ~ | oe 

Manual programming of a Indianapolis Speedway of watches. This year’s top 

648 ROM, using a spe- performing watch is a revolutionary electronic quartz 

cially designed program watch. The secret of its accuracy (only off 1 sec a 

data (mark-sense) card, day) is its quartz crystal, which is used as an oscilla- 

is achieved in minutes. tor and combined with ICs that are used as frequen- 

Program switches permit cy dividers. 


selection of up to eight 
logical ‘‘1s’’ for each 
word. 
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' National 
i Semiconductor 


Advanced | 


‘Peripheral 
Processing 
Solutions 


Ly AD 


National Adds a New 
Twist to Your LAN Options. 


Ethernet, Cheapernet and now Starlan 
“twisted pair” capabilities. Our LAN interface 
is the first to meet all the specs, all the 
functions for the IEEE 802.3 standard. 


It used to be out of the question to 
add a local area network interface to a 
low-end work station or peripheral. 

Too costly. Too complicated. And too con- 
stricting when standards were still 
being debated. 

But with National’s complete three- 
chip LAN set, all that has changed. It 
integrates the functions you need to 
meet the high-reliability specs of the 
IEEE 802.3 standard — even the 
1-million-hour MTBF for the transceiver. 
Yet it shrinks total board space down to 
about 15 square inches. And cuts parts 
costs to a fraction of what they were 
with discrete ICs. 


No Longer an Ether/Or Question 
Our new chip set gives you the flexi- 
bility of offering 10-megabit/second 
capability with Cheapernet’s lower-cost 
cable and connectors. Or the conve- 
nience and economy of Starlan’s twisted- 
pair solution at 1 megabit/second. You 
can even change or modify your existing 
system. Each offers significant ease 


The DP839EB Evaluation Board contains the entire LAN 
Chip Set: the DP8390 Network Interface Controller, DP8391 
Serial Network Interface and the DP8392 Coaxial 
Transceiver Interface. 


of installation at a fraction of the cost 
of Ethernet. 

And you get all this networking capa- 
bility with only one software develop- 
ment effort. 


Easy to Glue Together 

To complete a 10-megabit/second 
LAN interface, this new chip set needs 
only a few additional components. The 
Coax Transceiver Interface, for example, 
requires just one resistor, plus signal 
and power isolation. The Serial Network 
Interface utilizes a patented digital phase- 
lock loop design that eliminates the 
need for precision analog components. 
And the Network Interface Controller 
itself incorporates two 16-bit DMA 
channels and buffer memory manage- 
ment functions, which reduce the net- 
work interfacing tasks of the host CPU. 


Making the Right Connections 

The potential of the LAN market is 
now ready to be tapped. By someone. And 
we've made it easy for that someone to 
be you. Our new DP839EB LAN chip 
evaluation board is now available. It plugs 
directly into an IBM PC or PC- com- 
patible, and gives you a complete diag- 
nostic environment for evaluating the 
full potential of these chips. So you can 
see for yourself what a powerful — and 
cost-effective — solution they can provide 
for your design needs. And all for only 
$479 per board. Just call your local 
National Sales Engineer today. 


National 
Semiconductor 


fa 


MS/23-200, 2.0. Box 58090, 2900 Semiconductor Drive, Santa Clara, CA 95052-8090 (408) 721-5893 
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WHO SAYS 
SMDs ARE 
NEW? 

MAY 1966 !> 


A new microminiature 
semiconductor package 
labeled LID (leadless in- 
verted device) now 
makes possible mecha- 
nized production of hy- 
brids. The LID is an all- 
ceramic package, 
constructed with four 
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contact legs that are an 
integral part of the ce- 
ramic. The chip is 
mounted inside the legs 
and then coated with 
epoxy. The leg surfaces 
are coated with metallized 
solderable gold for easy 
attachment to the sub- 
Strate. 


THEYRE 
EVERYWHERE 
NOVEMBER 1975 


This year’s wP survey 
again confirms that wPs 
will be used in nearly 
every industry and ina 
tremendous number of 
products. Suppport for 
this viewpoint is evi- 
denced by the response 
to the survey question, 
‘“What is the status of 
wPs in your design activi- 
ty?” A total of 30.2% of 
the respondees said they 
currently used Ps, and 
an additional 38.7% said 
they were either planning 
Or evaluating the use of 
the device. Last year’s 
study showed that just 
16.8% actually used 
wPs, meaning almost 
twice as many are now 
using these ‘‘computers 
ona chip’ as a design 
component. 
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BUILD IT 
YOURSELF 


5 Wired HGW-72, 864.95. 


FREE! World's Largest 


Electro 
4 i 
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nic Kit Catalog 


= 38 


As FEBRUARY 1967 


SHE’S A 
MANIAC II 
SEPTEMBER 1957 


Utilizing a fast memory in 
which any of its 12,288 
words may be located, 
brought out for use, and 
put back in approximately 
8 microseconds, the Ma- 
niac Il computer has 
been put into operation at 
the Los Alamos Scientific 
Laboratory. An improve- 
ment over the earlier Ma- 
niac | unit, the new com- 
puter has three magnetic 
tape subsidiary memo- 
ries, which can be read 
or written on at the rate 
of 600 words a second. 
The fast memory of the 
unit, called an electrostat- 
ic memory, stores infor- 
mation on the faces of 98 
cathode-ray tubes, three 
inches in diameter. Each 
tube can store 6144 bits, 
with a bit representing ei- 
ther a ‘‘one’ ora 
“zero.” 


NOW, NOW 
JIM! 
MARCH 1978 


(This excerpt from a 
readers’ letter to the edi- 
tor was commenting on a 
Jim Williams’ article. Wil- 
liams’ reply follows.—Ed) 
_. . Fig 5 is incomplete; 
it will not act as a voltage 
source without some kind 
of pull-up resistor. 

Very truly yours, 

Joseph B Wicklund Jr, 
PE 

.. . Fig 5 is complete 
and correct as shown. 
One could ‘‘pull up’ on 
the circuit until the maga- 
zine page tears in half, 
but the pnp-driven output 
would still be —10V. 
Sincerely, 
Jim Williams 


IT SLICES, 
IT DICES 
OCTOBER 1968 W 


Round wafers, sliced 
from silicon ingots, long 
have been the accepted 
form. But now comes the 
rectangular wafer. Chips 
can be scribed on a 
square format, which 
makes circular wafers in- 
efficient. Instead of slic- 
ing round wafers off the 
crystals, designers at 
Motorola’s Semiconduc- 
tor Products Div are cut- 


ting them into 2x2~x6-in. 


SUPERAM 
OCTOBER 1978 “& 


SupV(1)am 16a Complete 
kit featuring four indepen- 
dently addressable and. 
write-protectable 4k 
blocks, puts 16k words 
of static RAM on the 
S-100 bus. It meets pro- 
posed IEEE S-100 stand- 
ards to maximize compat- 
ibility with existing 
systems. All signals, in- 
cluding address and data 
lines, are fully buffered. 
The $299 board is avail- 
able from Thinker Toys. 


blocks of silicon. Ted 
Benedict, materials oper- 
ations manager says, 

“. . . a broken or dam- 
aged 2x6-in. wafer usu- 
ally can be two-thirds 
salvaged. A damaged 
2-in. round wafer is 
lost.” 

(We’re still using circu- 
lar wafers. A square is 
fair, but a slice is 
nice.—Ed) 
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Take our mass storage 


VLSI chip family out for a 
little spin Or a big one. 


Only one family of mass storage chips 
can move you along the entire 
design spectrum—from 50 Kbps to 25 Mbps. 
Without shifting gears. 


The disk industry today has a lot of heads 
spinning. With drives of all sizes, shapes, 
types and interface requirements. With more 


advanced technologies pushing transfer rates 


and densities ever higher. And with users 
demanding higher capacities — but in 
smaller, lower-power packages. 

That's why hundreds of designers have 
already specified National's DP8466, the 
hard disk controller, and its complete family 
of support chips. The only chip set versatile 
enough to handle today’s broad range of 
drive products. From the PC to the mainframe. 

The DP8466 makes key operating features 
user programmable. So things like data for- 
mats, error correction codes, and interface 
characteristics can be configured interactively 
for virtually any drive — using the same 
controller chip. Then too, the DP8466 and 
supporting parts work with National’s Series 
32000* microprocessor and any other 8-, 
16- or 32-bit microprocessor. And they con- 
form to all major drive interface standards. 

Wherever your system falls in the price/ 
performance spectrum, our mass storage 
family has you covered. With data rates rang- 
ing all the way from 50 Kbps to 25 Mbps. With 
advanced VLSI architecture that integrates 
more disk data path functions than has been 
possible before. And with exceptionally 
low controller power consumption, using 


Drives courtesy of Control Data Corporation and Rodime, Inc. 
APPS is a trademark of National Semiconductor Corporation. 


microCMOS. All of which reduces your overall 
system costs, and boosts both your compet- 
itive edge and your profits. 
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National’s Mass Storage Family 


DP8466 
DP8462 
DP8463B 
DP8464B 
DP8465 
DP8470 
DP8472 


(NS 32966) 
(NS 32962) 
(NS 32963B) 
(NS 32964B) 
(NS 32965) 
(NS 32970) 
(NS 32972) 


Disk Data Controller 

2,/ Data Synchronizer 

2,/ Endec 

Pulse Detector 

Data Separator 

Floppy Disk Data Separator 
Floppy Disk Controller Plus 


So whatever type of high-performance 
disk product you're designing, look to 
National for the complete controller solution. 
We can help you get to market quickly. 
Without spinning your wheels. 

For full details, contact your local National 
office today. 

National Semiconductor Corporation, 
MS/ 23-200, P.O. Box 58090, 2900 Semicon- 
ductor Drive, Santa Clara, CA 95052-8090 
(408) 721-5893 


National 
Semiconductor 


Series 32000 is a registered trademark of National Semiconductor Corporation. 


© 1986 National Semiconductor Corporation 
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How can you be sure youre getting 
the best wire—the right wire—for 
all your transmission needs? 
Specify AT&T wire. 

Because nobody gives you 
AT&I's years of experience and 
understanding in designing wiring 
for transmission and computer 
systems. And, nobody can give you 
all of AT&T's product innovations, 
such as dual foam insulation for 
greater data transmission rates; 


irradiated PVC for tougher wire 
protection; and low friction vinyl 
jackets for pulling wire through 
tight spaces. And, nobody gives 
you AT&I"s experts, who will work 
with you to match the right insula- 
tion, shield and sheath to optimize 
the performance of your wire. 

So why make choosing wire 
an adventure when you can be 
sure? Make “The right choice.” 
Call 1800 372-2447 for more 
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information about AT&T's full line 
of wire and cable products for 
premise distribution and peripheral 
connections. © 1985 AT&T Technologies, Inc. 


Afsl 


The right choice. 


EDN’s 30" ANNIVERSARY 


Thirty years of electronics: 


massive metamorphoses in 
engineering and industry 


For this anniversary issue, EDN editors interviewed a passel of 
electronic-industry leaders. Those leaders remember the triumphs of 
and the unexpected turns in the electronics field through the past 
30 years, and they look to a future that balances marketplace 
uncertainties with exciting technological advances. 


Wy 7 hat a beauty she was, with her 
fins and sleek lines, and how 
YY smoothly that big V8 under her 


hood purred. Yes, the 1957 Chevy was 
quite a step forward from the boxier 
1956 model. At the same time, electron- 
ics engineers were timidly tinkering with 
transistors and devoting their serious 
design efforts to circuits that used room- 
heating 6SN7 and 6L6 vacuum tubes. 
Both automotive and electronic engineer- 
ing have undergone startling advances 
since that era. 

According to several electronic-indus- 
try leaders who have experienced the 
fluxes and constants of three decades, the 
industry has changed not only in terms of 
the products it produces, but also in 
terms of the training and interests of its 
engineers and the tools available to them. 
For the future, these leaders say, the 
industry must deal with competition from 
home and abroad, and engineers must 
face the challenges of improved manufac- 
turing efficiency. 


Ophthalmology or podiatry? 

Perhaps the most important factor in 
an electronic engineer’s formation is 
education, and an EE’s training has un- 
dergone several changes since the 1950s. 
In the late 1950s and early 1960s, an EE 
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Bill Travis, Senior Editor 


was likely to be a “jack of all trades,” 
having acquired in-depth knowledge of 
squirrel-cage and series motors as well 
as digital-computer design (such as it 
was then) and communications theory. 
This broad-based training resembled in 
some ways the education a medical doc- 
tor receives—namely, study every disci- 
pline, then specialize after graduating. 
Presumably, this method enables a podi- 
atrist to know the effects a bunion has on 
the eye, for example. 

Because of the tremendously ex- 
panded base of knowledge in engineering 
today, students now specialize in their 
chosen disciplines in their junior and 
senior years. When questioned about this 
specialization, John Sprague replies, 
‘“. , there’s a much bigger knowledge 
base. When you and I were getting out of 
school, we knew everything. [Now, at 
Sprague,] we tend to recruit the brightest 
kids we can get, and we’re less interested 
in particular specializations. We’re look- 
ing for, call it the best player, the best 
athlete, the very brightest kids we can 
get, and we're trying to give them their 
first job.” 

In the late “50s and early 60s, semi- 
conductors received only lip-service 
treatment in EE courses. In those days, 
engineers learned semiconductors by ex- 


perience. Jack Kilby remembers, ‘‘In the 
1950s, no one was trained as a semicon- 
ductor engineer or as an electrical engi- 
neer with a background in semiconduc- 
tors. Most of the people who were in the 
field had come in from other areas. 
There were great numbers of chemists, 
physicists, and electrical engineers—for 
that matter, people with degrees in 
papermaking—who were all pulled to- 
gether to work on _ semiconductor 
projects.” : 


University lab facilities are better 


Wilf Corrigan sees today’s engineering 
graduates as much better prepared than 
when he entered the industry. He also 
remembers the engineering population in 
the early 1960s as including “lots of 
chemists and physicists. Today we have 
electronics and computer engineers. In 
1960, no one knew what the hell they 
were doing.” Furthermore, today’s uni- 
versities are better suited for training 
engineers. Schools in the 1960s didn’t 
have any lab facilities like those in indus- 
try; today, much of the leading-edge 
technology (eg, computer-aided design) 
is developed in university labs. 

To emphasize the importance of the 
universities in the advancement of tech- 
nology, Gordon Bell cites the research 
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using multiple LSI-11s at Carnegie-Mel- 
lon, the original ‘“‘connection’”’ machine 
work at MIT (which led to the establish- 
ment of Thinking Machines of Cam- 
bridge, MA), the CEDAR project using 
32-bit Alliant (“Cosmic Cube’) comput- 
ers at the University of Illinois, the 
Hypercube project at Cal Tech, and the 
ultracomputer project at New York 
University. 

Bell keeps tabs on such progress from 
his present vantage point at the National 
Science Foundation: ‘I am responsible 
for all the computer research that the 
National Science Foundation sponsors in 
the universities, for the health of science 
and engineering.’’ He deems this effort 
important, as the contributions of the 
universities have been “critical across 
the board in computer research.”’ 


Students attracted to big computers 


Not only are droves of students elect- 
ing solid-state studies in engineering 
schools, but (according to some) the 
students are specializing in digital solid- 
state circuitry. This computer-related in- 
terest is not new, but it had a different 


form in the early days of Intel, as Ted 


Hoff relates: ‘‘You have to realize that at 
that time, the glamour in the computer 
industry was big computers. I remember 
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One time we were interviewing someone 
fresh out of college, I guess a graduating 
senior, and his question was ‘What size 
IBM 360 do you have?’ And we said that’s 
not what we’re talking about. And if it 
wasn’t at least a certain model number or 
higher, he wasn’t about to consider 
working at Intel.’’ 

When asked whether engineering 
schools are overstressing digital training 
to the detriment of analog circuitry, Bob 
Dobkin replies, ‘I change back and forth 
on that—I end up ambivalent. I say in 
one case the engineering schools are 
falling down, not in training, but in 
exciting people, about what you can doin 
linear ICs. You have to be good if you’re 
going to be a linear-IC designer. And we 
attract into this marketplace people who 
are very sharp, who are very good circuit 
designers, [but] they don’t realize how 
much fun and how interesting linear-IC 
design can be. They end up going into 
software, or system architecture, pro- 
gramming, or digital design.” 

Not only are students seemingly choos- 
ing more digitally oriented courses vs 
analog-design electives, but it appears 
that a growing number of EE graduates 
are deciding not to go into design at all. 
According to Deborah Asbrand, EDN’s 
Professional Issues editor, more and 
more graduates are going straight into 
marketing, as opposed to engineering. 
That’s a career choice that wouldn’t even 
have crossed a new EE’s mind 25 or 30 
years ago. 

Many people (including this editor) 


who chose electronics careers in the 50s ~ 


and ’60s were motivated by their experi- 
ence as hobbyists or tinkerers. Take Ted 
Hoff, for example: “I got interested in 
electronics in high school; I guess it was 
in 1949, when I was 12 years old. My 
uncle got me a subscription to Popular 
Science, and I saw an ad for an Allied 
Radio catalog and I thought it would be 
interesting to learn something about 
radio. So I sent away for the catalog and 
sent away for some books on radio and 
ultimately my parents gave me a short- 
wave radio kit. I proceeded to get more 
and more interested in the subject.”’ 
Other industry figures succumbed to 
the lure of electronics at an early age. 
Joseph F Keithley was one: ‘When I was 
10 years old or so, the Boy Scout maga- 
zines were full of ‘Build a crystal set with 


E (Ted) Hoff, architect of | 


a Scout knife and a cigar box.’ Later, I 
did amateur radio in high school.” Wim 
Velsink took the same route: “I had 
relatives in electronics, and I was build- 
ing radios by age 12.’ This hobbyist 
fascination seems to be a part of history 
now, alas (except in Japan, which has 
500,000 teenage radio amateurs, vs 
12,000 in the US). 


Engineering deltas and constants 

Imagine, if you will, driving a flivver 
from the 1910s. You start the contraption 
by cranking it; the manual steering and 
brakes are agonizingly tough, and the 
thing won’t go over 18 miles per hour. 
Now imagine you’re designing large cir- 
cuits in the 1950s and 1960s; you’ve 
conjured up a task as primitive and 
difficult as operating that fliwer. If you’re 
hyperopic, you'll have difficulty getting 
any meaningful resolution from your 
K&E, Post, Pickett, or Aristo slide rule 
(the one with the impressive hyperbolic 
scales). And if you’re working on a 
circuit that has many nodes, you might 
engage the services of your company’s 
computer department, if you’re lucky 
enough to schedule an hour of computer 
time two weeks from Wednesday. 

Be careful if you're breadboarding 
with those newfangled (germanium) 
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transistors. They’re rated at 5V max, and 
5.1V will surely blow them. You need 34 
flip-flops in your design? Then use 68 
transistors if you’re brave. If you want to 
be sure the system will last a while, 
though, you’ll do better with 34 tried- 
and-proven 6SN7 dual triodes. And they'll 
heat the room, to boot. 

The foregoing scenario serves to show, 
by contrast, how far the electronics in- 
dustry has advanced in 30 years. Com- 
menting on the evolution of linear ICs 
(the comments apply equally well to 
digital), Bob Dobkin says that ‘‘there 
were a lot of unknowns between, say, ’65 
and ’75. Nineteen seventy-five is really 
about when enlightenment started to 
come in. In the early days, the failure 
mechanisms were not known; the proc- 
ess controls to get some of these linear 
circuits to function were not well under- 
stood. 

“What would happen is, you’d make a 
circuit that wouldn’t work as you ex- 
pected it to. And you didn’t know wheth- 
er it was because of interaction within an 
IC, or because of process problems or 
circuit-design problems, or some kind of 
unknown failure mode. Breadboards 
didn’t mean a thing; you’d make the IC 
and spend weeks or months looking at it, 
only to find that the next run was com- 
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pletely different. So there was a lot of 
black magic in it. There’s still a little bit 
of black magic, but not nearly as much.” 


Less agony—and less expense 


Not only has designing circuits be- 
come much easier than it was 20 or 30 
years ago; the design task has become 
much less costly. The most significant 
trend Jack Kilby sees in semiconductor 
electronics is the reduction in the cost of 
designing circuits. He estimates that the 
cost of designing is actually falling faster 
than the cost of producing finished parts, 
even with the increasing efficiency of 
modern wafer fabs. He lists the factors 
that are lessening design costs: “Com- 
plete CAD systems that permit the design 
and layout of integrated circuits from 
scratch, techniques like standard cells 
and gate arrays that offer reductions in 
the engineering costs at the price of some 
standardization in the design, and PROMs 
and PALs that promise to make a design 
more useful for more applications with- 
out [your having to] completely engineer 
it from scratch for each application.” 

According to Kilby, the reduction in 
design costs will change the role of the 
electrical engineer in the future. More of 
the design of semiconductor components 
will be done by the customers using 
them, allowing designers to make their 
products significantly different from 
those of their competitors. This situation 
is dramatically different from the situa- 
tion before the 1980s, when all compo- 
nents were designed by the semiconduc- 
tor houses. 

Despite previous statements about the 
ease of designing today, large teams of 
designers and man-years of effort are 
required to design, say, a new 32-bit 
microprocessor. Such a chip is equiva- 
lent in complexity to the mainframes of 
years ago, and its design entails a multi- 
disciplinary effort that needs the skills of 
computer architects, logic designers, de- 
vice specialists, and semiconductor- 
processing experts. 

Before you start to fear that there’s no 
room for individual design creativity, 
though, consider Bob Dobkin’s com- 
ments about linear-IC design: ‘‘For the 
majority of linear ICs, I still see the IC 
marketplace as a one-man, one-product, 
individual-contributor marketplace. At 
Linear Technology, we’re making some of 


the most advanced ICs in some aspects— 
not in terms of number-of-device com- 
plexity, but in terms of the performance 
aspects. And still, one person does the 
design and works on it and debugs it. 
That doesn’t happen at all in digital 
circuits—it’s a team effort, with lots of 
CAD, and it’s something that’s not really 
understandable by one person.” 


The software-engineering explosion 


A significant change in the makeup of 
the engineering population is the number 
of software designers vs hardware de- 
signers. Much of this proportional in- 
crease, of course, is attributable to the 
advent of the microprocessor. Ted Hoff 
explains: ‘‘Everyone is trying to develop 
new software to take advantage of the 
power of the processors. I think the level 
of support now is so different from what 
it was then. In those days we were talking 
about how many people did we have 
working on software, was it one or was it 
two, or could we maybe find a third one. 
Very quickly we had whole armies of 
people working on software. And now we 
have a private industry just representing 
software for j.P-based systems.”’ 

Speaking of the ubiquitous micro- 
processor, Frederico Faggin, key figure in 
the development of Intel’s 4- and 8-bit 
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Ps as well as Zilog’s Z80, says that even 
he was surprised at the way the Z80 
caught on: ‘Well, I thought it was going 
to be successful . . . but actually it was 
probably more successful than I envi- 
sioned early on.’’ He adds that he has, in 
general, been surprised how very perva- 
sive the .P has become. Like so many of 
the pioneers, he thought of the wP as a 
logic replacement and as a dedicated 
controller. He didn’t foresee the wP as 
an end-user, programmable, general- 
purpose computer that would be in so 
many households, in almost every school 
—even grammar schools and kindergar- 
tens now—and on so many business 
desks and factory floors. 


Engineers and defense 


Will peace hurt the designer? Silly 
question? It didn’t seem so in the 1960s 
(Yes, the question appeared on an EDN 
cover), when the Viet Nam conflict was 
raging and the defense (and offense) 
industry was thriving. And it was not only 
the military-electronics sector that 
provided a plethora of jobs for designers, 
but the US was also engaged in imple- 
menting a resounding answer (the moon 
shot) to the challenge laid down by 
Sputnik in the late ’50s. 

Of course, the military (including the 
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space program) has always had a major 
influence in the electronics industry. Be- 
ginning in World War II, and accelerating 
rapidly thereafter until the 1960s, mili- 
tary electronics outpaced activity in the 
commercial sector; commercial electron- 
ics profited from the spillover. ‘“We bene- 
fited indirectly from money DoD put into 
semiconductors,” says Joseph F Keithley. 

Others got their start in the defense 
industry and spun off into commercial 
markets. For example, Andrew F (Andy) 
Kay got his start in electronics while 
working for an aircraft-component 
maker during World War II. In the course 
of his job as supervisor of production 
testing, he conceived of the idea for the 
digital voltmeter. 

Kay relates, ‘I had this vision of 
making an instrument that the operators 
I had could read without making any 
errors and blowing them up. All I could 
get were the pointer-type meters, and if 
the operators made a mistake, they could 
burn [the meters] up—and it was a hell 
of a job getting replacements. And then 
you had to read the darn things. You had 
to interpolate. [I had] this vision of 
having numbers that you could read.” 


Striving for military-level quality 

In addition to spurring new-product 
development, military requirements in- 
fluenced engineers in other ways. Wim 
Velsink says, “The military has had a 
major influence on product quality. Now 
that has been overshadowed, recently, by 
the Japanese performance. But the initial 
drive for product quality has really come 
out of the defense programs and the 
space program.” 

By 1970, however, the boom in com- 
puter, commercial, and consumer elec- 
tronics had overshadowed the military 
market. Alexander V d’Arbeloff says, ‘‘I 
think that if you look at the 50s and ’60s, 
the defense and commercial worlds were 
more or less aligned. Whatever defense 
needed, it somehow worked its way into 
the commercial world. It seems to me 
that today it’s like two separate worlds. 
We seem to have very little diffusion.” 

Wilf Corrigan sees one area where the 
two worlds converge: the military’s in- 
creased involvement in semiconductors, 
which can be a big boon for the US 
electronics industry. ‘The VHSIC pro- 
gram is quite successful at stimulating the 


military and the industry to move more 
aggressively—that is, to develop new 
technologies as quickly as possible. | 
“Military electronics is the technology 
driver today,’ he adds, “unlike the 
1970s when computer technology domi- 
nated development of new electronics.”’ 


The ultimate goal: miniaturization 


According to Jack Kilby, the support 
for the melding of disciplines came very 
much from the needs of military elec- 
tronics. When the research in miniaturi- 
zation began, small size and weight were 
much more important to the military than 
they were to the commercial market. 
Indeed, the Micromodule program 
(which led to Kilby’s development of the 
first IC) at Texas Instruments was in 
response to a program sponsored by the 
US Army. 

Kilby sees the military’s present efforts 
to accelerate the development of elec- 
tronics as beneficial to the industry at 
large. The decline in leadership of the 
military during the 1970s, when the 
commercial market garnered more R&D 
dollars, appears to have been something 
of a mistake. According to Kilby, ‘The 
1970s were something of an anomaly. At 
that time, somewhat by chance, the mili- 
tary requirements and the commercial 
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Faster than any other 
32-bit microprocessor can. 
In technical terms that’s 


4 MIPS. 4 MegaWhetstones. 


With 4 Gigabytes. 

Fast enough to have a 
sudden and lethal impact 
on your competition. 

To achieve its blazing 
speed, the 80386 has six- 
stage pipelining, which 


allows the standard 16 MHz 
part to deliver over 6100 
Dhrystones per second. 

That's nearly four times 
the Dhrystone perform- 
ance of a VAX*11/780, or 
4 VAX MIPS. 

And with the 80386 
you dont sacrifice all that 
performance for demand- 
paged virtual memory. 
Because of its on-chip 
paging unit and transparent 
paging cache, the 80386 
can do a full virtual to 
physical address translation 
without the performance 
penalty of non-pipelined, 
off-chip designs. Giving 
you 4 MIPS of deliverable 
UNIX** performance. 

Of course, to achieve 
performance like that, you 
need a bus that's faster 
than a speeding bullet. 

Like our 2 clock bus that 
provides a 32 Megabytes 
per second transfer rate. 

That's the highest 
performance of any micro- 
processor bus. 

So what more could 
advanced system designers 
ask for? 

Blistering 4 Mega- 
Whetstones per second 
performance for superb 
graphics and number 
crunching. Only the 80386 
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Weitek’s 1167 floating point 
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performance on the 
market. 

And of course all this 
comes in a 64 Terabyte 
virtual address space with 
a4 Gigabyte linear address 
space. 
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requirements just happened to be the 
same. I don’t think they will be again.” 
Today, through projects such as the 
VHSIC program, the military is again 
. developing and using leading-edge semi- 
conductor technologies instead of de- 
signing with established, older commer- 
cial parts. “VHSIC was a_ logical 
reaction,” says Kilby, referring to the 
increasing dependency of the military on 
commercial designs in the 1970s. Such a 
reaction is necessary because some mili- 
tary parts don’t have commercial coun- 
terparts. VHSIC may also help save the US 
from becoming merely a distributor for 
foreign-made semiconductors. 


The foreign challenge 

In the 1950s, the first Japanese tran- 
sistorized radios made their appearance 
in the US. The radios were at first 
regarded as cute little novelties, much 
like the shoddy, cheap toys made from 
beer cans discarded by US occupation 
troops in Japan. We all know what’s 
happened since then, with radios, TV 
sets, VCRs, and—last but not least— 
dynamic RAMs. And the overseas threat 
exists not only in entertainment electron- 
ics and commodity ICs, but in passive 
components as well. 

According to John Sprague: ‘‘The Japa- 
nese have taken a very interesting ap- 
proach in the electronic-component mar- 
ket. I think we overlooked the impact of 
it for many years in this country. The 
world’s consumer-electronics market has 
been owned by the Japanese. This is 
changing now some, with the Koreans 
getting into it. But, with the exception of 
automotive entertainment electronics, all 
the stereos, all the audio equipment, and 
a large percentage of all TVs are made in 
Japan. And that’s a protected market. I 
mean, there’s nobody that I know of, 
outside of Japanese companies, selling 
into that market.” 

Sprague continues, ‘They used that 
[experience] as the base to build up 
their learning curves in discrete semi- 
conductors, then in integrated circuits. 
So, with the captive market and the 
enormous volumes needed to serve it, 
they then made the decision to diversify 
into the industrial area as well. And we’re 
all familiar with what's gone on in the 
memory business, particularly the DRAM 
business. In a similar way, what we call 
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ices, diodes, and resistors) in - 
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the miniature aluminum capacitor busi- 
ness went to Japan some years ago, 
because the largest market for those was 
the consumer market, and the consumer 
market was there. So they took the 
business away from US manufacturers.” 
Sprague continues the gloomy picture: 
“The Japanese, in a similar way, control 
the disk-ceramic business, and for very 
much the same reason; the entertainment 
electronics industry is a very large user 
of disks. The materials work and the 
knowledge they gained in that industry 
apply to MLCs [multilayer ceramic capac- 
itors], which historically—up until the 
last couple of years—have been a US 
business, dominated by companies like 
AVX, Kemet, and to a lesser degree, 
Sprague, Centralab, San Fernando, and 
others. There’s probably more work on 
ceramic materials in general going on in 
Japan than anywhere else in the world. 
“So, the next capacitor battleground, 
as I see it, will be in two areas—one will 
be in multilayer ceramics. The next bat- 
tleground will emerge when capacitors 
go from leaded devices to surface-mount 
units. The Japanese certainly have a lead 
in the application of surface-mount tech- 
nology—again, because of the consumer 
industry. Open up a Walkman, a camera; 
those products, basically, use surface- 


mount technology. So the foreign compe- 
tition in the passive area is formidable, 
particularly in the high-volume commod- 
ities: miniature aluminums, disk ceram- 
ics, I think increasingly in MLCs, and in 
most kinds of surface-mount devices.” 

Happily, some product areas in the US 
fare well against foreign competition. 
Take high-performance linear ICs, for 
example. Bob Dobkin states, “I don’t 
think the Japanese have a focus in the 
high-performance linear area. I’m sure 
they could decide that they want to make 
some high-performance linears. But their 
forte is large projects, requiring many 
man-years, [with engineers] working 
very closely together to put out a high- 
quality product. It’s not an individual- 
contributor society, and it’s not an indi- 
vidual-contributor work force.”’ 

When reminded of some of the exotic, 
high-performance A/D and D/A convert- 
ers the Japanese have developed for their 
video and audio equipment (CD players, 
for example), Dobkin says, ‘‘Yes—and 
they’re all very complicated, multiman- 
year chips. They’re not individual-con- 
tributor items. They’re good products, 
and they had multiman-year task forces 
working on them.” 

The major challenge for US semicon- 
ductor companies today is clearly the 
competition from abroad. In response, 
Wilf Corrigan has established two points 
of entry for his company into Japan. He 
started Nihon LSI Logic, a subsidiary of 
the parent company, and he entered into 
a joint manufacturing deal with Kawasaki 
Steel. Competing in the Japanese market 
“is still a very difficult situation,’ he 
Observes. American companies, not 
allowed to have subsidiaries in Japan 
until the late 1970s, must be willing to 
work with established Japanese compa- 
nies (like Kawasaki Steel) and to invest a 
lot of time and money in the country, 
through such actions as setting up a 
subsidiary. 


The US—a service economy? 


You hear a lot of scary talk, these days, 
about the US becoming just a distribu- 
tion- and service-oriented nation. Much 
of the talk stems from the propensity of 
US companies to establish manufacturing 
and assembly facilities abroad. John 
Sprague observes, ‘‘There are two factors 
involved. First of all, there’s no question 
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that labor rates in countries such as 
Korea, Malaysia, the Phillipines, and 
Hong Kong are lower than in the US— 
much lower. There’s not that much dif- 
ferential in Japan. The second factor is 
that overhead rates are a lot lower. You 
can hire good, well-trained engineers in 
these countries for much lower salaries. 
The back end—the assembly, and, to a 
large degree, test—for the production of 
semiconductor devices has been located 
in Asia for years.” 

However, in Sprague’s view the pic- 
ture’s not entirely bleak: ‘The counter 
side is that cheap labor is not the only 
requirement. The increasing require- 
ments for quality and reliability are forc- 
ing people to mechanize their processes 
because well-designed machines make 
the product the same way, and if it’s 
designed right, the product should be 
more reliable.’ Consequently, as labor 
costs become less important, and factory 
automation looms larger, the US has a 
chance to get back in the game. 


Moreover, according to Sprague, an-. 


other factor favors retaining manufactur- 
ing in the US—the need to serve local 
markets: ‘“‘I think you have to have a 
manufacturing capability locally to serve 
local markets. The Japanese are doing 
this themselves. They’re building plants 
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in the US to manufacture automobiles 
over here, and there are people in the 
components business who manufacture 
over here. So it’s a complex system .. . 
you have to manufacture in Europe to 
serve the European market; you have to 
manufacture in the US to serve the US 
market. And you have to manufacture in 
Asia to serve that market. There will be a 
flow back and forth of goods, with some 
of the manufacturing being done in some 
areas, and some in others.”’ 

Sprague concludes, “‘It’s not, however, 
all economics, because I think the quality 
and reliability requirements are going to 
increase to the point that wherever you 
manufacture, whether in a low-labor area 
Or not, you’re going to have to use 
mechanized equipment. I’m a firm be- 
liever that a society like the US cannot 
become solely a service society; that you 
have to have an industrial base; and that, 
like most of these pendulums, this will 
swing back and forth with a balance of 
what’s required to serve world markets at 
the lowest cost.” 

Jim Dykes agrees that there’s room for 
optimism for US-based manufacturing; 
GE is pinning its hopes on ASICs rather 
than attempting to meet the Asians head- 


On in mass semiconductor manufactur- 


ing. Dykes expounds, “In the fast-grow- 
ing market for application-based 
products, the customer-service ethic is 
everything. You have to live with your 
customers, swamp them with the best 
engineering support... sweat with 
them every step of the way.” Despite the 
dominance of Japanese semiconductor 
exports, Dykes believes, “‘If the US semi- 
conductor manufacturers really probe 
customer and purchasing needs, I think 
the outcome will be in our favor.”’ 

Gordon Bell takes a dimmer view: He 
sees US computer producers becoming 
just ‘‘distributors,’ because they now 
import so many of their components and 
subsystems from Asia. This trend, he 
asserts, can’t help but displace USA EEs, 
as the OEM design activity will inevitably 
follow the manufacturing migration to 
Asia. “Got a neat parallel: You can look at 
what happened in the automobile 
industry . . . the same thing is happening 
in computers. We now have a negative 
balance of trade in computers.”’ 

Bell places the blame for the US 
decline in manufacturing capability 


squarely on the shoulders of the engi- 
neering community. “I regard this as a 
failure of engineers to get involved in the 
manufacturing sector . . . to address the 
factors of cost and quality. I regard that 
as a massive engineering failure.” He is 
very outspoken about the skills of US 
manufacturing engineers and managers. 
“These Cro-Magnon idiots need to be 
thrown out,” he asserts. ‘“‘These bottom- 
of-the-barrel types are no match for their 
top-of-the-professional-barrel Japanese 
counterparts. ”’ 


On “niches” and survival 


As attested to by so many, the US has 
lost its lead over the years in the manu- 
facture of many high-volume product 
types. Much of the loss, of course, has 
come about through price erosion, and 
this erosion usually occurs when a manu- 
facturer or group of manufacturers de- 
cides to “‘buy into” a market—that is, to 
reduce prices in an attempt to increase 
its market share for a certain commodity. 
This situation applies not only to foreign 
competition, but also to domestic compe- 
tition. One historical example of this 
price-cutting ploy is the Great TTL War of 
the late ’60s and early ’70s (or, perhaps, 
gate arrays in the ’80s). 

One company that took part in the TTL 
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skirmishes is Sprague Electric. John 
Sprague comments, ‘“‘Oh, yes, we took 
part in it, and got out of it. That’s 
probably the smartest thing we ever did. 
When the company was in the early days 
of the Worcester operation (the IC opera- 
tion), we were trying to be a TTL house; 
we were trying to be a digital house like 
everyone else. And the world did not 
need another TTL house. What we had 
... was a completely parallel effort in 
linear circuitry, which we were basically 
tailoring at that time toward consumer 
applications: sound channels and color 
demodulators .. . the big decision we 
had to make, and it was a very painful 
decision, was to get out of the digital area 
and take all the resources we had avail- 
able and concentrate them on linear. 
Linear ICs in those days were very new; it 
was a very new effort.” 

So Sprague’s response to competition 
imposed by the semiconductor giants was 
to find itself a “niche’—linear, driver, 
and power ICs. John Sprague comments 
on the niche strategy: ‘“‘One of the ques- 
tions that people ask is ‘How do you, as a 
niche supplier, manage to succeed with 
all the giants deciding to be in a particu- 
lar niche?’ If you’re in a technology- 
driven niche, and you’ve been doing it a 
long time, then there’s a lot of both art 
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and science involved, and it’s just diffi- 
cult for people to duplicate.”’ 


Shelter from the storm 


Other companies, too, have found that 
by making specialty items, they enjoy a 
kind of breakwater against the competi- 
tive tides of the giants, both domestic and 
foreign. And the market for these special- 
ties is often less subject to the wild peaks 
and troughs the high-volume ICs suffer. 
Bob Dobkin says, ‘‘The linear-IC market 
doesn’t oscillate wildly. When the market 
goes up, the linear-IC market goes up, 
maybe not as fast. And when the market 
goes down, the linear-IC market goes flat. 
I think that part of it is that there’s not as 
much double ordering of linear ICs to 
ensure an adequate supply. You don’t end 
up with huge backlogs that disappear 
instantly. A lot of the process-control 
people, a lot of the instrument makers, a 
lot of the places that use linear ICs are 
not as subject to as wild a fluctuation as 
the computer industry. Why is it like this? 
I don’t think anybody knows for real, but 
it sure is nice.”’ 

Dobkin has more opinions on niche 
markets: “I think the marketplace is now 
big enough to support several niche guys. 
Many years ago, you had to be a produc- 
er of everything to survive. I think the 


marketplace is perfectly adequate for 


several $100-million niche producers, 
which is exactly what we plan to be.”’ 

Wilf Corrigan agrees, of course, with 
Dobkin. Corrigan believed that a need 
existed for small companies to bring 
semicustom design to the customers, a 
service that large semiconductor houses 
were hesitant or inappropriately struc- 
tured to do. Furthermore, he ‘didn’t 
want to take on the major manufacturers, 
whether American or Japanese.” He 
wanted to provide a different approach to 
design. And he did just that. 


Start-ups proliferate 
The fragmentation of the industry 


caused by start-up companies—be they — 


in specialties or commodity items—has 
changed the nature of the electronics 
business. Originally, customers preferred 
to do one-stop shopping, buying most or 
all of their components from a single 
manufacturer. When Intel began to intro- 
duce radically new products in the 1970s 
—particularly the microprocessor— 


customers became comfortable with buy- 
ing products from several manufacturers. 

This trend has blossomed to the point 
where, because customers are more will- 
ing to pick and choose what they buy, 
and from whom, they are gaining more 
influence on what is designed (and what 
becomes successful) in the marketplace. 
Corrigan notes, ‘It’s difficult to be the 
best in all categories,”’ so it’s easier now 
for a company to specialize in a particu- 
lar product area and be successful. 

Gordon Bell is skeptical about the 
romantic notion that the US’s venture- 
capital-backed start-ups will save the day. 
In a paper he published last year (Ref 
1), he noted, ‘For every Apple there are 
tens of crabapples, because the underly- 
ing motivation—getting filthy rich—is 
not a sound foundation for a company. 
The entrepreneur is quite overrated, as 
nearly all of them are unqualified— 
engineers with MBAs but no technical 
experience, and lawyers. They possess 
only the notion that a product is needed 
in the market, and that they should be 
filthy rich.” 

Bell feels that the start-ug .nentality is 
inimical to the competitive stance of the 
US vis-a-vis Asian manufacturers. ‘‘While 
the Asian thrust to world dominance in 
electronics is being led by enormously 
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large, fully vertically integrated corpora- 
tions such as NEC and Hitachi, the USA’s 
electronics effort is dispersed in too 
many small, marginal start-up compa- 
nies’’—often just to satisfy the vanity of 
the venture-capital community, in Bell’s 
view. Also, according to Bell, although 
Asian countries follow through and apply 
engineering talent equally to manufactur- 
ing, ‘“‘EEs in the US tend only to want to 
be involved in the glamorous front end of 
innovation.”’ 


What’s in the future? 


The preceding sections attempted to 
give a capsule glimpse of the changing 
complexion—and some of the constants 
—of electronic design engineering in the 
past. But what’s in store for the future? 
When asked whether we can expect more 
rational ordering and capacity-planning 
practices (that is, smaller dips and 
troughs in the market), John Sprague 
responds, ‘‘Oh, what a beautiful question. 
I'd like to believe that [the industry] will 
mature, and there are some factors, I 
think, helping drive it in this direction. 
One of these is that we see increasing 
numbers of end-equipment customers 
limiting their vendor bases, going to 
more preferred-vendor programs, using 
ship-to-stock programs, and adopting 
just-in-time inventory programs. 

‘The net result of those programs will 
be—I'll qualify that, should be—a less- 
ening of the inventory swings, because 
the cycle times will be down. Equipment 
people are trying very hard to reduce the 
amount of inventory they're carrying; 
we're trying to do the same thing. The 
unknown is if some new burst in activity 
emerges; the PC was, I think, the last 
major new driving force for requirements 
of components. If something like that 
comes along—and I don’t know what 
that something is—and destroys a system 
that’s set in place, it could start all over 
again. So we’re working to reduce the 
problem, but I have not seen the results 
of that work yet.”’ 

Sprague adds, “‘I think it'll take cer- 
tainly through the end of the decade to 
see if we've gotten smarter than we’ve 
been in the past. The oscillations [in the 
marketplace] will be there, but I think 
they'll become damped. We'll find out— 
just like we'll find out what the deficit is 
going to be, and we'll find out what the 
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economy is going to be, no matter what 
the economists say.”’ 


Progress in market segments 


Bob Dobkin, on ‘‘smart power’ ICs 
(about which a lot of hype has appeared 
in the technical press): “What do I 
think’s going to happen? I think power 
ICs, in general, have so much functional- 
ity—putting the power transistor on the 
die, and having circuitry around it. It’s an 
extremely functional item, and I’ve said 
that ever since 1969. I’ve developed in 
my groups, whether at National or Linear 
Technology, more power ICs than any- 
where else. I think that’s a very good area 
that’s going to continue to grow.” 

What’s going to happen in computer 
technology? Gordon Bell has definite 
ideas on the subject: On the bright side, 
he sees the ‘‘lovely story” of “smooth” 
technical progress in computers continu- 
ing unabated. “I think we are right now 
onto another invention that is, I think, 
probably second only to the computer 
itself{—and that is the building of parallel 
computers.’’ However, he thinks OEM 
design activity will inevitably follow the 
manufacturing migration to Asia. 


Taking the concept of parallel comput- 

ers one step further, Frederico Faggin 
predicts even more radical changes in 
computer technology: He believes that in 
about five years there will be enough 
progress in neurological research that we 
will see the beginning of “‘‘neural-net’ 
computer structures based on the human 
brain. ‘These neural-net structures 
would have a much higher degree of 
parallelism than any of the present at- 
tempts to coax parallelism out of conven- 
tional Von Neumann architectures,” he 
says. Their brain-like structure, he adds, 
would allow them to emulate the human 
brain in complex pattern recognition and 
associative memory. Therefore, they 
would have the ability to generalize and 
learn. ‘‘For example, with them you can 
abstract information out of data in a 
process that’s akin to learning. If you 
have a number of chairs, the system will 
be able to recognize other chairs that 
have similar properties.” 

Finally, Alex d’Arbeloff is bullish about 
the role of good old pc boards, both 
today and in the future: ‘‘Although they’re 
more dense, we still use pc boards. I 
remember one of my first jobs at Tera- 
dyne was helping Nick [DeWolf] lay out 
printed-circuit boards. And sure enough, 
we’re still using pc boards. Now they’re 
multilayer. Then we were debating 
whether they should be single- or dual- 
layer boards. That hasn’t changed that 
‘much. The other thing is, we assemble 
components by sticking them through the 
board and soldering the other side. Now 
we're beginning to talk about surface- 
mounted components. But pc boards 
have been a pretty constant thing. Edge- 
card connectors still handle the bulk of 
electronics; they were just starting to 
appear in 1960.” EDN 


Interviews for this article were con- 
ducted by Robert H Cushman, Charles 
Small, David Smith, Jonathan Titus, 
and Bill Travis. 
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W@W lectronics is so exciting, so dy- 
Fr namic, so utterly dazzling, we 
J5_A often forget it isn’t new. Today’s 
developments in electronics, although 
seemingly revolutionary, are based on 
developments that occurred a year ago, 
10 years ago, even a hundred years ago. 
As our editors compiled a retrospective 
of electronics marking EDN’s 30 years of 
existence, we found that some of the most 
significant developments—astonishing 
when they first appeared—now seem 
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Gary Legg, Editor 


quaint. No, electronics isn’t new at all. 

Nor should it seem new. It’s been 28 
years since the integrated circuit was 
invented, and some 38 years since the 
development of the first transistor. 
Roughly half of EDN’s current subscrib- 
ers are younger than that first transistor, 
and not many more than half had started 
elementary school when EDN first ap- 
peared. The 30 years of EDN’s existence 
is indeed a long time. 

For the team of editors who prepared 
this special anniversary coverage, that 
statement became startlingly clear when 
they considered where they were and 
what they were doing when EDN pub- 
lished its first issue. For assistant manag- 
ing editor Joan Morrow, who directed 
Our anniversary project, jumping across 
lawn sprinklers in Glen Ridge, NJ, was 
the order of the day in 1956. Later (much 
later), Joan would get a degree in jour- 
nalism and start applying other, more 
marketable, skills to EDN. 

Senior editor Bill Travis, who assem- 
bled our main anniversary article from 
voluminous notes and interview tran- 
scripts provided by the entire anniversary 
team, was in high school in Newburgh, 


EDN’s 30™ ANNIVERSARY 


hirty years in perspective 


NY, in 1956. Already a ham radio opera- 
tor, he went on to get an EE degree and 
extensive analog design experience be- 
fore turning to marketing and eventually 
journalism. For seven years along the 
way, he lived and worked in Belgium. 

Robert Cushman, special features edi- 
tor, was the only member of our anniver- 
sary team already in journalism when 
EDN began publication. He was engineer- 
ing editor of Aviation Week then, having 
previously been a design engineer for 
General Electric. Since joining EDN in 
1971, Bob has witnessed and chronicled 
some of the most significant events in 
electronics, among them the emergence 
of the microprocessor. 

For senior editor Jonathan Titus, base- 
ball was one of the most significant 
events of 1956. Years after chasing flies 
for the Apex Lumberjacks in Greenlawn, 
NY, he would chase bugs—the computer 
kind—and design one of the first micro- 
computers, based on the 8008 wP. He 
would also earn a PhD in chemistry and 
write several books on microprocessor 
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Joan Morrow 


design before eventually joining EDN. 

The year that EDN first appeared was a 
year in which Charles Small, now an EDN 
associate editor, progressed toward the 
rank of Eagle Scout. Chuck also delivered 
the Dayton Daily News in Ohio in 1956 
and made the tidy sum of 11 cents per 
customer per week. He picked up his 
papers each day in the long, sloping alley 
where the first Soapbox Derby was held. 


Later, Chuck served a stint in Vietnam 
before becoming an engineer and an 
editor. 

Associate editor David Smith hadn't 
progressed very far in his personal and 
professional development by 1956: ‘‘That 
was before I became a big disappoint- 
ment to my parents,’ he jokes. Dave 
hasn’t always disappointed his parents, 
though. He eventually got a master’s 
degree from Cornell and became an IC 
designer. He’s the only member of our 
project team to be born after the IC was 
invented. 

Those are but six personal sketches 
from the past 30 years, but they indicate, 
in human terms, just how much change 
can occur in such a period of time. In 
electronics, the changes have been at 
least as pronounced, and their effects on 


David Smith 


Bill Travis 


our culture have been profound. As we 
consider them, we realize that electronics 
isn’t a new field at all—despite appear- 
ances to the contrary—but an old field 
that keeps renewing itself. 


Robert H Cushman 
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es ‘ ; bonus. After receipt, | may either continue as a subscriber by paying the 
decisions at the right time. low rate of just $180, or do nothing at all—the three issues and the Report 
will be mine to keep—free. 
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Contribute to your company’s profits! Return the 


coupon below. We’ll send you the next three issues 
of BUYING STRATEGY FORECAST free—no cost or 
obligation. At the end of your complimentary review 
you can choose to subscribe for a year at the low 
rate of just $180, or do nothing at all. ..and the 
three issues will still be yours to keep, free. 
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FIP-Module 


A Brilliant 


Performance. 


Brilliant display, 
a choice of 
colours, wide 
viewing angle 
and easy installation — these are the cha- 
racteristics of NEC’s Fluorescent Indica- 
tor Panels FIP for efficient and error-free 
communication 
between man 
and machine. 
To dovetail with 


‘FM20X1AA-D 
FM20X1DB-A | _ 


: 
> 
b/s 


FM40X1AA- 


t 


FM40X1FB-B different appli- 
TFM40X2CB-A_ ; 
Be aie cations, NEC 
FMBOX2AA-A |_ _|850x205| offers compact 
5x12 Dot Format FIP-Module 


FM180GX48BA-A 
eam aeinp 
from 20 characters x 1 line to 40 Sanaa 
ters x 6 lines, plus a graphics version 


with a 180 x 48 dot matrix. The ROM- 


West Germany: Dusseldorf 02 11/65 03 01, Telex 8 58 996-0 
The Netherlands: Eindhoven 0 40/44 58 45, Telex 51923 


France: Paris 01/39 46 9617, Télex 699 499 
Italy: Milano 02/67 09 108, Telex 315 355 
sweden: Taby 08/73 28 200, Telex 13 839 
UK: Motherwell 06 98/73 22 21, Telex 777565 


based character 
generator can be 
selected (and 
changed) to 
accommodate different language fonts. 
Or talk to NEC about customized solu- 
tions to enhance your particu- 

lar application. 

Installation is straightforward. 
The FIP-Modules operate from 
a single 5V power supply, come 
complete with driver and are 
connected directly to the bus. The sharply 
defined characters of the fluorescent dis- 
play are easy to read from virtually any 
angle. This means increased safety even 
in tricky lighting conditions or total dark- 
ness. Displays are available for clear read- 


ability against any background. 


j 
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Erame- grabber boards 


acquire and process 


images in real time 


Before you use one of today’s image-process- 
ing systems, it’s worth knowing how to take 
advantage of their capabilities. Most sys- 
tems provide high-speed data-processing cir- 
cuits and memories as well as analog I/O 
circuits, all of which let your system ac- 
quire, process, and display images in real 
time. 


Craig Preston and John Molinari, 
Data Translation 


Popular low-cost image-processing and frame-grabber 
boards and board sets give your computer easy access 
to video images. Once a frame grabber acquires im- 
ages, it can easily process them to highlight objects, 
increase contrast, and enhance edges. Before you plug 
your board into a computer, however, you’d do well to 
learn how frame grabbers work, how they process data, 
and what kinds of operations they can perform. 

Besides acquiring and processing video data, most 
frame-grabber boards and board sets also store and 
display an image at a real-time rate of 30 frames, or 
images, per second. Frame-grabber boards typically 
digitize signals from video cameras and videocassette 
recorders (VCRs), but more sophisticated frame grab- 
bers accept signals from such video sources as the 
slow-scan TV cameras found in medical-imaging de- 
vices. 
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Auxiliary processing boards such as pipelined frame 
processors and array processors are also popular. 
These boards incorporate hardware that executes 
lengthy arithmetic calculations, which are typical of 
many image-processing operations. Some vendors de- 
sign frame-grabber and frame-processor boards that 
connect to each other to provide high-speed image 
acquisition, processing, and display capabilities (Fig 1). 


Fig 1—Typical image-processing boards for IBM PC/ATs or PC/ 
AT-compatible computers provide wmage- -grabbing and -displaying 
circuits on one board and image-processing circuits on a second 
board. Rather than relying on the computer’s bus for board-to-board 
communications, two flat cables transfer data and control signals 
between the boards. 
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To accommodate nonstandard signals, 
frame grabbers have additional inputs that 
accept separate sync signals, which establish 
frame, line, and pixel digitizing rates. 


Before a computer can manipulate and enhance an 
image, it must acquire the image data from a camera or 
another source. Most video devices, such as video 
cameras and VCRs, conform to either the RS-170 or the 
National Television System Committee (NTSC) stand- 
ard for 60-Hz television systems, or to the International 
Radio Consultative Committee (CCIR) or the phase- 
alternation-line (PAL) standard for 50-Hz television 
systems. RS-170 signals contain lines of black-and- 
white (monochrome) video and synchronization (sync) 
timing data. NTSC signals provide the same intensity 
and sync information as an RS-170 signal, but they 
contain color data as well. 

The NTSC and RS-170 signals produce a TV frame 
that contains two fields of horizontal image lines: an odd 
field comprising all odd-numbered lines and an even 
field comprising all even-numbered lines. Horizontal- 


sync pulses synchronize the start of each line, while 
vertical-syne pulses synchronize each field. The display 
of alternate odd and even fields at a rate of 60 fields/sec 
yields a complete, interlaced image at a 30-frame/sec 
rate. 

Some video sources, such as scanning electron micro- 
scopes (SEMs) and slow-scan cameras, provide non- 
standard video signals that are not compatible with 
recognized video standards such as RS-170 or NTSC. 
To accommodate these types of signals, frame grabbers 
must have additional inputs that accept separate sync 
signals from the source that establish frame, line, and 
pixel digitizing rates. 

The image-grabbing circuit provides timing signals 
that divide each horizontal display line into a discrete 
set of image points or pixels. The pixels form a 2-D grid 
on the display, typically between 256 and 512 units in 
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Grabbing frames from a VCR 


Ordinary videocassette recorders 
(VCRs) provide an inexpensive 
and convenient means for stor- 
ing images for later processing. 
Until recently, however, the 
VCR’s NTSC video-output sig- 
nals have boggled frame grab- 
bers with notoriously poor syn- 
chronization (sync) signals. Also, 
the VCR’s signal contains color 
information that’s unintelligible 
to the inherently black-and- 
white frame grabbers. The color 
information in an NTSC signal 
degrades image clarity. What’s 
worse, standard processing oper- 
ations misinterpret the color in- 
formation in the signal and dis- 
play it as an interference 
pattern. New frame-grabber de- 
signs incorporate advanced cir- 
cuits and color filters that over- 
come these obstacles. 

The theoretical video band- 
width required of a frame-grab- 
ber board digitizing a 512<512- 
pixel image is 5 MHz. The 
NTSC signal contains color in- 


274 


formation in a narrow band cen- 
tered at 3.58 MHz. Some frame 
grabbers eliminate the 3.58-MHz 
signal by limiting the input 
bandwidth of their video-amplifi- 
er circuits to 1.8 MHz. By elimi- 
nating all frequencies above 1.8 
MHz, however, much of the 
video data in the signal is lost; 
sharp lines and edges blur. As 
an alternative, you can use a 
notch filter that removes only 
the 3.58-MHz color information. 


Not built for engineering 


Most VCRs are not high- 
grade engineering tools. Conse- 
quently, the VCR’s NTSC signal 
produces good TV images, but 
it’s often too poor to trigger ac- 
curately the timing circuits on 
frame-grabber boards. Typical- 
ly, the VCR fails to produce one 
or more sync pulses in succes- 
sion, it produces too many sync 
pulses, or the pulses contain 
noise. New PLL circuits provide 
a sync timer that synchronizes 


the frame-grabber board’s tim- 
ing to the VCR signal regardless 
of signal quality. | 

The syne timer monitors the 
period between horizontal syne 
pulses. Should the VCR signal 
fail to contain a syne pulse—an 
event called syne dropout—with- 
in the threshold time established 
by the sync timer, the syne 
timer automatically inserts a 
surrogate pulse. Similarly, if the 
VCR signal includes too many | 
syne pulses—an event called 
syne extras—the sync timer 
blocks the extra pulses and 
passes only one during the es- 
tablished threshold period. 

Frame-grabber boards that 
furnish the best notch filters and 
PLLs can only minimize the 
problems inherent in the VCR’s 
NTSC signal. The quality of 
VCR-recorded images depends _ 
on the quality of the VCR; high- 
quality VCRs produce higher- 
quality video signals. 
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both height and width. The shape of the pixels, and 
consequently the shape of the entire image, may be 
square or rectangular. The ratio of an image’s horizon- 
tal and vertical dimensions is called its aspect ratio. 
RS-170 TV images have an aspect ratio of 4:3; their 
width is 1.3 times their height. 


Converters set the resolution 


The frame grabber’s A/D converter governs the 
range of values that are available to represent the 
range of intensities, or gray levels, for each pixel. For 
example, an 8-bit A/D converter produces 256 gray- 
level values; a 6-bit A/D converter produces 64 gray- 
level values. Often, manufacturers specify a frame- 
grabber’s spatial and gray-level resolution jointly, as in 
512x512x8—a 512x512-pixel display that has an 8-bit 
gray-level resolution for each pixel. 

Most frame-grabber boards use a phase-locked loop 
(PLL) to align the internal timing of the board to the 
timing of the incoming video signal. The PLL locks onto 
a video signal’s stable horizontal and vertical sync 
pulses and generates timing signals that control the 
frame-grabber board’s operation. To operate with less 
pristine signals, such as those produced by most VCRs 


"NINE MULTIPLICATION OPERATIONS 


“CENTER PIXEL AND EIGHT 


; _-- 3x3. COEFFICIENT MASK 
SURROUNDING PIXELS ee 


(whose signals often contain noise and often lack syne 
pulses), the PLL circuits must handle a wide variety of 
timing-signal conditions (see box, “Grabbing frames 
from a VCR”). 

Digital image processing covers a range of operations 
that alter or extract information from an image. Com- 
mon processing techniques let you add or subtract 
images, offset them by a constant, or operate on them 
by means of logic functions. More sophisticated opera- 
tions enhance an object’s edges or remove noise, and 
still other operations eliminate gray-level ranges from 
images. Digital-image-processing operations encom- 
pass two broad categories: operations on individual 
pixels (pixel-point processing), and operations that in- 
volve groups of pixels (pixel-group processing). Pixel- 
point processing divides further into operations on a 
single image or on multiple images. 

Single-image pixel-point-processing operations 
change the gray-level values of pixels in an image, one 
pixel at a time. The operations produce a new gray level 
for each pixel, but the operations don’t change a pixel’s 
location in an image. For example, you can multiply 
each pixel value in an image by a‘constant. Sometimes 
referred to as “histogram stretching,” this multiplica- 


‘NEW CENTER-PIXEL VALUE 


Fig 2—Convolution processing involves a kernel of pixel values and a kernel of coefficients. After performing the multiplications and 
adding the results, the processor places the final result in a new-pixel storage location. 
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Common digital-tmage-processing tech- 
miques let you add or subtract images, offset 
them by a constant, or operate on them by 
means of logic functions. 


tion increases the contrast of an image uniformly, 
brightening a dark image. Similarly, you can divide 
pixel values by a constant to reduce contrast—ie, to 
darken a bright or washed-out image. 


Offset operation adds or subtracts 


An offset, or histogram-slide, operation adds or 
subtracts a constant from each pixel value. The offset 
operation doesn’t alter the resolution of the image; 
instead, it uniformly brightens or darkens an image so 
you can see its features more clearly. The offset opera- 
tion maintains the numeric difference between the 
darkest and lightest intensity values in the image as it 
shifts the entire image to make it brighter or darker. 

Multiple-image pixel-point operations are the same as 


Fig 3—Typical image-processing operations start with an original image (a). A highpass-filter operation (b) sharpens the details in the 


single-image pixel-point operations, except that the 
processor combines two or more images. Instead of 
adding a constant to a set of pixels, an addition opera- 
tion combines images, pixel by pixel. Such operations 
let you add graphic overlays to video images, superim- 
posing one on the other. Conversely, subtraction re- 
duces pixels in a frame by the corresponding pixels in 
another to emphasize differences between two images. 
Such an operation lets you detect product variations in 
the course of automated product-inspection work, or 
detect moving objects in surveillance or security sys- 
tems. (Note again that, like single-image pixel-point 
processes, multiple-image pixel-point processes change 
only the intensity data in an image; they don’t change 
the positions of pixels.) 


wmage, and a lowpass-filter operation (c) blurs the details and smooths the image. After performing a Laplacian filtering operation (d), the 


wmage shows highlighted edges. 


ee 
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Pixel-group processing involves operation on the 
region or neighborhood around each pixel and effects a 
change in a pixel as a result. A classic group-processing 
operation, the spatial convolution, calculates a 
weighted average of pixel intensities based on a central 
pixel and the pixels around it. Repeating the averaging 
operation for every pixel in an image produces a con- 
volved output image. Typical spatial-convolution opera- 
tions enhance edges or smooth image details. 

The square or rectangular array of pixels set up for 
the convolution process forms a convolution kernel. For 
example, in a 3X8 convolution, the kernel is a square of 
nine pixels with the target pixel at the center of the 
square. A spatial-convolution operation multiplies each 
pixel in the kernel by a coefficient and sums all these 
values to produce one output pixel that’s a weighted 
average of all nine pixel values. Thus, for a 3x3 kernel, 
you must preset nine coefficients. These coefficients— 
which may be equal or unequal—constitute a coefficient 
mask. The convolution operation determines which 
coefficient mask you'll use. A spatial-convolution opera- 
tion produces a single pixel value, which becomes the 
new value for the pixel at the center of the kernel 
(Fig 2). 

Convolution operations place enormous demands on 
processing hardware. A 3X3 convolution, for example, 
requires nine multiplications and nine additions for each 
pixel in an image. For a 512x512-pixel image, a 3x3 
convolution requires 2,359,296 multiplications and 
2,359,296 additions. The calculations take several min- 
utes to complete on a personal computer. 

You can implement several types of filters by employ- 
ing spatial convolutions. Highpass filters make high- 
frequency information, such as image details, edges, or 
textures, more prominent (Figs 3a and 3b). A coeffi- 
cient mask like the one below is a typical implemention 
for a 3X3 highpass filter: 

=I 


—s 4 
ee 9 ae | 
1; ae = 


Conversely, lowpass filters attenuate high-frequency 
information and therefore reduce detail and blur edges 
in the image. Lowpass filters also remove noise from an 
image and reduce details in one part of the image so 
that the shapes in an image as a whole can be seen more 
clearly (Fig 3c). A typical coefficient mask for a low- 
pass filter weighs each pixel equally: 


0.1 0.1 0.1 
0.1 0.1 0.1 
0.1 0.1 0.1 
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Another type of pixel-group processing involves La- 
placian edge enhancement, in which high frequencies 
are made very prominent and low frequencies are 
highly attenuated. Because edges in an image consti- 
tute high-frequency information, Laplacian edge en- 
hancement is especially good at locating boundaries 
between objects (Fig 3d). 


=i = ee 
ee +8 ee 
et | ct eae 


Your computer can conduct digital image processing 
in either software or hardware. Software implementa- 
tions use the host computer system’s CPU for process- 
ing tasks. Execution speeds for software implementa- 
tions are typically slow, especially for arithmetically 
intensive operations like spatial convolution. Software 
routines do provide a great deal of flexibility, however. 
Hardware implementations require the use of special 
image-processing circuits, which are available on the 
frame-grabber board or on an auxiliary board. Hard- 
ware-based processors offer an advantage over soft- 
ware implementation: speed. 

For hardware processing, some frame-grabber archi- 
tectures incorporate look-up tables (LUTs) between the 
A/D converter and the frame-store memory (Fig 4). 
The LUTs convert a pixel value to a corresponding 
value for later processing. LUTs employ fast memories, 
and they are inexpensive additions to the frame-grab- 
ber circuitry. Typical operations set thresholds and 
perform frame addition, subtraction, multiplication, 
and division operations. 

Provision of a feedback loop between the output of 
the frame grabber’s frame-store memory and the input 
of the LUTs adds flexibility by letting you pass data 
through the LUTs several times for different pro- 
cessing tasks. Advanced frame-grabber architectures 
may incorporate an arithmetic logic unit (ALU) be- 
tween the A/D converter and the frame-store memory. 
The ALU helps effect real-time pixel-point processing 
on single or multiple frames. 


Converting color images for display 


After acquiring and processing an image, you'll want 
to see it. The display of a processed image requires 
hardware that converts pixel values back into an 
RS-170 analog signal. In most systems, the display 
circuit contains output LUTs and three D/A converters 
(Fig 4). Most frame-grabber boards let you display 
images in 256 distinct colors rather than 256 gray 
levels. Because the board derives the colors from a 
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A Laplacian filter enhances edges in an 
image by making Ingh frequencies very 
prominent and by attenuating low 
frequencus. 


COMPOSITE SYNC 
COMPOSITE BLANKING 
VERTICAL DRIVE 
HORIZONTAL DRIVE 


LUT PROCESSOR FEEDBACK LOOP 


CARRY BIT 


RS-170 
NTSC 
CCIR 

PAL 


INPUT 0 
INPUT 1 
INPUT 2 
INPUT 3 


SCAN TRIGGER 
PIXEL CLOCK 
CLOCK ENABLE 


DIRECT MEMORY MAPPING 


Fig 4—An image-processing board for the MicroVAX provides input look-up tables (LUTs), an arithmetic logic unit (ALU), and an LUT 
feedback path, which combine to increase the board’s ability to process images without invoking the main CPU. 


gray-scale image, the output images are shown in 
“pseudocolors,” ie, the display colors don’t necessarily 
match the colors—if there were any—in the original 
image. The frame grabber uses a different color 
scheme. Aso 

As the first step in the display operation, the data 
from the frame-store memory is sent to the output 


LUTs. The pixel data from memory becomes an index | 


into the table. Each output LUT contains a storage 
location for each pixel value. For example, 8-bit pixel 
data demands a 256-location LUT. Because the circuit 
applies 24 bits of data as indices to the output LUTs, 
the LUTs support as many as 2”, or 16.7X10°, colors. 
However, because the circuits apply the same 8-bit 
index to each LUT, you can only display 256 colors out 
of a palette of 16.7 million available colors at any one 
time. : 

Typical output circuitry consists of three 8-bit D/A 
converters, which provide RS-170 (60-Hz) or CCIR 
(50-Hz) analog signals that drive the red, green, and 
blue inputs of an RGB-type monitor. The output cir- 
cuits superimpose the vertical-sync and horizontal-syne 
signals on the D/A converter’s outputs. EDN 
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Who says 
aper is 
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The computer has certainly 
brought design and engineering 
into the 20th century. But 
business is still done on paper. 
And when you plot your 
designs, you'll want them to look 
as good on paper as they did on 
the terminal. You'll want a paper 
that works well on high-speed 


sheet-fed,drum or flatbed plotters. 


Youll want Clearprint. 

Engineers and architects have 
been trusting their drawings to 
our drafting vellum since 1933. 
And the qualities that made it 


READY TO PRINTS 


so popular for manual drafting 
are the same qualities that make 
it perfect for computer users. 
Clearprint is still manufactured 
of 100 percent new cotton fiber 


by the same proprietary process. 


It wont crack or discolor. And 
Clearprint’s surface provides the 
consistency that plotter pens 
demand. 

Try it. Return the coupon below 


CLEARPRINT. 
Making paper work 


CIRCLE NO 168 


passe 
of CAD/CAE? 


for your free kit containing all 
the tools you need to prove that 
quality is never passé. 


Please send me 
my free kit. 


Mail to: Clearprint Paper Co. 
P.O. Box 8703 


Emeryville, CA 94662. 
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NOTHING CAN STOP A SUPERSWITCH 
FROM PACKING PERFORMANCE 
INTO YOUR PRODUCTS. 


Superswitch — 
Nikkai's- ST Series Toggle 
witches — is tough enough for 
the toughest environments and 
operating conditions. That makes 
it perfect for equipment that requires 
either around-the-clock or fail-safe reliability. 
ST Series switches are washable. They‘re dustproof. 
And they're completely flashproof. Compact size is 
another big advantage. Don’t settle for a “maybe switch” 
when you need full-time reliability. Specify the switch that’s 
so tough you won't have to worry when the going gets rough. 


we ; ; ; . Australia STC-Cannon Components (PTY.) Ltd. Phone: (03) 555-1566 Telex: AA30877 
For more information, please write to: Belgium Sotronic S.A./N.V. Phone: 02/736 1007 Telex: 25141 Sonic B 
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‘ x Norway Elektronix A/S Phone: (02) 559050 Telex: 72738 Elnix N 
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dete 
is recording data 
today 


_No magnetic tape system made today measures up to the Honeywell Model 97. 
It’s the only recorder with a transport that combines double vacuum 
buffering with a dual capstan drive system. This technology provides 
incredibly gentle tape handling and minimizes 
mechanically-induced artifacts with a 1000 Hz servo 
bandwidth for maximum flutter rejection and 
minimum TBE. 

The Model 97 has a computer-controlled feature 
2 set that includes: 
ee A= =f) ¢ Direct electronics to 4.0 MHz, FM to 1 MHz and 

serial digital to 8 Mbps per track 2 

Auto calibration _* [ntegral time code generator/ 

and test panel reader/search and control system 
¢ Programmable tape management functions—search, 
shuttle and selective track recording 
¢ Built-in record and separate reproduce meter monitors 

The solid-ferrite heads of the Model 97 are so 
dependable that they re warranted for 5 years or 200 
million feet of tape. 

The Model 97 data system also has fully automatic [Raa 
calibration and test of its record and reproduce electronics. [RRR 
This eliminates the potential loss of data due to faulty NTA NEA gy 
manual calibration and setup. 

The future is yours with the Model 97. For more 
information, contact Ed Haines, Honeywell 
Test Instruments Division, Box 5227, 
Denver, CO 80217. (303) 773-4834. 


CALIBRATE 


MANUAL CONFIG CRITERION 


TONY 


aren 
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SHOULD BE MIDIP* SWITCH 


MACHINE- 
INSERTABLE 


Compatible with leading 

TO-116 IC insertion 
equipment (Amistar, Dynapert and 
Universal). Terminals are 0.010" 
thick ... won't bend during inser- 
tion. Designed for excellent 
solderability. Cartridge packed for 
easy loading. The low profile 
MIDIP switch allows close board 
stacking. | 


FULL 
SELECTION SS ee 


Choose the specific cn. 

number of positions you Sa Be 
need: 2 through 10 and 12 ‘ied... ee 
_ stations, SPSt He SR Gy 


CONTACT DESIGN 


Unique spring-loaded 
ball contact system 
_ features a dual contact, 
_ deep-well design for consistent, 
___ high-pressure contact through- 
__outthe range of switch operations. 
_ Gold-plated moving contact 
always rides on a gold-plated 
surface—not plastic—for the best 
electrical contact, the least con- 
tamination, the greatest reliability. 


OPEN 


test samples. 


HERE'S WHY YOUR DIP SWITCH 


Srey Ye 


SEALING 


Integralbottom seal  _- : 

provided by molded-in a sll 

terminals. Optional top- 
surface seal provides maximum 
protection during solvent or 
high-pressure aqueous washes. 


OPERATING 
CONVENIENCE 


Easily activated witha 
pen or optional Grayhill 
“DIPSTICK?’ 


QUALITY 


Rated for 5000 opera- 

tions per position. Test- 

ing includes checking 
every contact on every switch, 
open and closed. 100% electrical 
inspection standard. Made of 
flame-retardant UL94V-0 plastics. 


Grayhill is a leader in 

DIP switches, with a 

_reputation built on quality 
and service. The MIDIP switch is 
designed right—built right—and 
priced right—with the additional 
bonus of local availability through 
your authorized Grayhill distribu- 
tor. Two reputations depend on 
your DIP switch choice! 


Ask for detailed literature—including 
_ complete specifications and prices—and _ 
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WORLD TRADE CENTER 
BOSTON, MASSACHUSETTS 


Plan to attend ADEE East ’86—the only user- 
oriented conference/exhibition on the east coast 
that offers these opportunities for optimum 
selection and implementation of CAE and CAD 
systems for electronic circuit and system design: 
¢ Discover the latest advances in CAE and CAD—see 
live demonstrations of the technology you need to help you 
increase engineering productivity, enhance design creativity, 
and produce uniformly high quality products. 
¢ Learn how to use CAE and CAD to its maximum advantage for 
_ your specific needs—attend the ADEE East ’86 Conference Program 
and come away with invaluable knowledge of the practical 
applications of this new generation of technology. 
° Compare and evaluate hundreds of CAE and CAD systems, 
exhibited by the industry’s leading suppliers—you and a team of 
your colleagues can “comparison shop” for three days in one 
location to ensure a selection that delivers maximum performance 
and return on investment. 


Start planning now to take advantage of the many educational and 
purchasing opportunities available to you at ADEE East ’86. For 
registration information complete and return the coupon below. 


Cahners Exposition Group, Cahners Plaza 
1350 E. Touhy Ave. Des Plaines, IL 60017-5060, Telephone: (312) 299-9311 
»® Telex: 256148 CEGCGO DSP (Domestic), 82882 CEGCHGO (International) 
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o, Is There a Real ASIC 
econd Source Setup in the Picture? 


(Hint: Raytheon’s RL7000 and LST Logic’s LL7000 are like . . .) 


There’s been a lot of wishful thinking 
about an active, genuine, semi-custom 
logic array second source. For very 
good reasons, but without a very 
good solution. Now, the right people, 
technology, and systems have been 
brought together. Raytheon and LSI 
Logic. It’s happening. 


L] Complete and identical: Long term 
maintenance and bilateral updates of 
well-known LDS™ front and back 
end software. The same methodology. 
The same libraries, logic design, 
physical design, testing. Identical. 


LL7000 and LDS are trademarks of LSI Logic Corp. 
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L] The Right Product: According to 
the marketplace, 7000 Series is the 
leading choice in 2-micron HCMOS 
logic. Now, with a full-on second 
source, 7000 Series is the ASIC 
standard. 


_] It’s Happening: Raytheon has over 
ten years of logic array experience. 
LSI Logic has over five. Real time, in 
the market, with real products. 


(] Now: You ought to can the apples 


and oranges routine. Call Raytheon 
for a real ASIC matchup. 


CIRCLE NO 174 


Raytheon Company 
Semiconductor Division 

350 Ellis Street 

Mountain View, CA 94039-7016 
(415) 966-7716 


Access to the right technology 
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PLDs implement 


encoder/decoder 
for disk drives 


By using software to define programmable 
logic devices as run-length-limited encode/ 
decode systems, you can design disk-drive 
systems that have 50% more data-storage 
capacity than drives that implement the 
MEM code. 


Arthur Khu and Rudy Sterner, 
Advanced Micro Devices Inc 


When you're designing a disk-drive system, you can 
implement run-length-limited (RLL) 2,7 encoding/de- 
coding circuitry in your design by using only three 
programmable-logic devices (PLDs) and two shift reg- 
isters. You design the encoder and decoder as state 
machines and use the timing diagrams to determine 
what the timing and control signals must be. 

To create a disk controller with encoding/decoding 
features, you can use three AmMPAL22V10 PLDs and a 
disk controller such as the Am9580/Am9582 chip set 
(Fig 1). The Am9580 hard-disk controller and the 
Am9582 disk-data separator perform all the general 
disk-control functions. The PLDs have appropriate 
architectures for implementing the encoding and decod- 
ing state machines. Further, you can reprogram the 
PLDs to implement higher density ratios for data 
encoding, and you can increase your system’s speed 
simply by using faster PLDs. 

An RLL code is a code in which the number of zeros 
between ones—the run length—is definite. The “2,7” 
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designation means that the code for the binary data 
string has at least two and at most seven zeros separat- 
ing the ones. RLL codes increase the density of data 
stored on a disk by reducing the number of recorded 
pulses (ones) necessary to represent a given amount of 
data. This reduction allows the disk-drive circuitry to 
pack the ones closer together, increasing the amount of 
data on the disk. 

In comparison with the (de facto) industry-standard 
approach, MFM, the RLL 2,7 code increases by 50% 
the amount of data you can store on a disk drive (see 
box, “RLL 2,7 code vs MFM code”). In addition, RLL 


_| DISK-DATA- 


| CONTROL [ 


Fig 1—A complete disk controller requires only two VLSI ICs, a 
PLD-based encoding/decoding system, and a drive interface. The 
hard-disk controller and the disk-data separator provide generic 
disk-drive control, and the PLDs provide RLL 2,7 encoding and 
decoding, which increases disk storage capacity. 
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TABLE 1 — RLL 


2,7 decoding circuitry recovers quickly from code-de- 
tection errors. 

As Table 1 shows, RLL 2,7 encoding circuitry trans- 
lates seven data strings into 2,7 code. You can break 
any binary non-return-to-zero (NRZ) data string into 
combinations of the seven data strings. To obtain the 


(a)  .. NOTE: STATES 0, 3, 4, AND 5 ARE USED FOR 


TO CODE 00101100... 


- CODE CYCLE 


CURRENT STATE 


CONTENTS — 
OF 4-BIT. 
INPUT 

| Sher 
__REGISTER |. 
_=sWREG a 


__-2-BIT LOOK-AHEAD 
| +SHIFTINANEWBIT ~~ 

| BEFORE GOING TO 
| eeer 


2, 7 CODE TO | 
LOAD INTO OUTREG © _ _ ; 


(b) STATE 


jofof1jo SERIAL IN|SERIAL OUT 


decoded data string, the circuitry matches the 2,7 code 
patterns with the seven 2,7 code strings in Table 1. 
Because 2,7 code strings have variable lengths (they 
can be 2, 3, or 4 bits long), your design will need control 
logic that controls the output from the encoder/decoder 
as translation takes place. Encoding and decoding state 
machines (Figs 2 and 3) implement this control logic 
from the code in Table 1 (see box, “Convert RLL 2,7 
code to a state machine”). The encoding state machine 


KEY: _ 
DAA 8 10 Ct 
CODE Cs 


00. SIGNAL HIGH, 


2,7 CODE PRODUCED 


SHIFT IN A NEW BIT | 
BEFORE GOING TO 
CYCLE To 


Fig 2—The encoder state machine (a) describes the translation of input data into RLL 2,7 code. The first two cycles in the encoding of the 
data string 00101100 (b) demonstrate how the encoder determines the correct code by examining both the bit to be encoded and the next two 


(look-ahead) bits. 
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produces two 2,7 code bits for each data bit received. 
~The decoding state machine, on the other hand, pro- 
duces one data bit for every two bits of 2,7 code. The 
clocking scheme in these encoding/decoding state ma- 
chines is simpler than the familiar table-look-up meth- 


(a) 


TO DECODE 00100010... 


DECODE CYCLE 


CONTENTS 
OF 4-BIT 
INPUT 
SHIFT 
REGISTER 


"Commenr to 
STATE | 


SERIAL 
OUT 


2-CODE-BIT LOOK-AHEAD 


SHIFT IN TWO NEW CODE 


BITS BEFORE GOING 


Fig 3—This decoder state machine (a) represents the translation of RLL 2,7 code into an output data stream. To determine the correct output 


During decoding, circuitry matches the 


RLL 2,7 code patterns with the seven RLL 
2,7 code strings to obtain the corresponding 


decoded data string. 


od, which requires suspended operation during encod- 


ing and decoding. 


You can implement both of these encoding/decoding 
2,7 state machines with one PLD device (IC,) and two 


shift registers (INREG and OUTREG) (Fig 4). To 


KEY: 
2 CODE BITS TO DECODE 
10(00)+2-CODE-BIT LOOK-AHEAD 
~ 1 +—DECODED DATA BIT 
00 «— 2 CODE BITS TO 
0  DECODE: NO NEED 
FOR LOOK-AHEAD 
__ “DECODED DATA BIT 
00~+—2 CODE BITS TO DECODE 
AMF~—ACTIVATE ADDRESS- 
MARK-FOUND SIGN 


NOTE: STATES 0, 3, 5, AND 6 ARE USED WHEN DETECTING ADDRESS MARKS 


2 CODE BITS TO DECODE 


SERIAL 
2-CODE-BIT LOOK-AHEAD 


SHIFT IN TWO NEW CODE 
BITS BEFORE GOING 
TO CYCLE Se 


data, the decoder examines four code bits—two bits to be decoded and two look-ahead bits, as shown in the example in b. 
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Because the RLL 2,7 code contains two bits 
for every one bit of data, the timing cir- 
cuttry divides the clock signal for the coded 
data, producing a data clock. 


synchronize the encoder/decoder with the hard-disk 
controller, you use two other PLDs (IC, and ICs) to 
provide clock-generation and address-mark-control 
logic. IC; is a AmPAL22V10, which has sufficient 
capacity to implement the two state machines. IC:, also 
an AmPAL22V10, utilizes the PLD’s large capacity and 
programmable output cells to implement the address- 
mark-control circuitry. An AmPAL16HD8 (IC;), which 
is sufficient for implementing the clock circuitry and the 
random logic, completes the design. 

To understand the state-machine implementation of 
the RLL 2,7 encoder, consider the state machine in Fig 


2. The encoding state machine begins in state zero; the 
first four bits of the data to be encoded are in the shift 
register INREG. For the data stream in the figure, the 
encoder, beginning in the first cycle (Ty) reads the first 
bit in the stream as 0 and sees that the next two bits 
(the look-ahead bits) in INREG are 0 and 1, respective- 
ly. According to the state diagram, the encoder pro- 
duces a 00 output because, as Table 1 shows, input data 
starting with 001 translates to a character string that 
starts with 00. The encoder then enters state 2, shifts 
the encoded 0 out of INREG, and shifts in the next 
(fifth) bit of the data to be encoded. 


DATA : 1100110011 


C=CLOCK PULSE 


DATA: 11 


MINIMUM FLUX- 
TRANSITION SPACING 


OOT1 GO11 


CODE : 0100 00100100 00100100 


1 OO OQ 


0 


Oo + 0G | 8 0 6 86 


AT 150% DENSITY OF MFM 
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In the second cycle (T;) of the encoding process, the 
encoder sees that the data bit is 0 and the two look- 
ahead bits are 1 and 0, respectively. According to the 
state diagram, when the encoder is in state 2 and sees 
010, its output is 00. As before, the encoder then moves 
to the next state (in this case, state 0) and shifts a new 
bit into INREG. The rest of the encoding process 
proceeds similarly. 

The decoding process is similar to the encoding 
process. The decoder, which is described as a state 
machine (Fig 3), accepts two input bits in RLL 2,7 
format and sees the next two coded bits as look-ahead 
bits. In contrast to the encoder, the decoder produces 
one output bit for every two input bits. 

To implement this encoder and decoder circuitry with 


Am9582 
DISK-DATA 
SEPARATOR 


FDDAM 


SHIFT_IN 


HARD-DISK 
CONTROLLER 


BINARY DATA 


: 


DRIVE CONTROL 


4 
4-BIT SHIFT REGISTER 


INREG 
RD_CLK 


DATA/CODE 


PLDs, you can use PLD-design tools such as CUPL 
from Personal CAD Systems Inc (San Jose, CA) and 
Abel from Data I/O Corp (Redmond, WA). These 
software tools include syntaxes that you can use to 
describe state machines as well as general logic equa- 
tions. 

To control the rate at which IC, (in Fig 4) receives 
data and code, IC; and IC; implement the timing signals 
shown in Fig 5. Three signals (Read, Write, and 
Code_Clock) from the hard-disk controller and disk- 
data separator form the basis of the timing signals. 

First, the timing circuitry produces a clock signal, 
Rd_Clk, from the Code_Clock signal that originates at 
the disk-data separator’s FDDAM output. Because the 
RLL 2,7 code contains two bits for every one bit of 


DRIVE 
INTERFACE 


CD one 


CONTROL SIGNALS 


2,7 CODE TO/FROM DRIVE INTERFACE 


Fig 4—The encoding/decoding circuitry includes three PLDs. IC; implements the encoding and decoding state machines. IC2 monitors IC; 
and provides special timing and input signals. IC’; implements glue logic and timing signals. 
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the Load signal is high at the same time that Rd_Clk is 
high, the bits are loaded into the shift register. Because 
the frequency of Shift_Out is twice that of Rd_Clk, 
Shift_Out shifts both encoded bits out before the next 
encoded bits are loaded. Shift_In presents the next 
data bit to the encoder at the same time that the second 
encoded bit is shifted out, starting the next encode 
cycle. 


READ/DECODE — 


CODE CLOCK AL) LL Pet iia 
 -. ner. TWO CODE BITS 
RD_CLK | | 
LOAD 
SHrrOur=—si“‘(<éié‘ésh(CUWC*OUYS 
LOAD ONE DECODED DATA BIT 
ot ih IN TWO NEW CODE BITS 
_ SHIFT_IN : 


INREG AND OUTREG LOAD WHEN LOAD AND SHIFT ARE HIGH: 
THEY SHIFT WHEN LOAD IS LOW AND SHIFT IS HIGH 


LOGIC EQUATIONS: 


Before the disk-drive system can decode data on the 
disk, it must synchronize itself with the data clock from 
the disk and find out when the data bits begin. To assist 
the circuitry in synchronization and initialization, you 
ean place synchronization signals, as well as a marker 
indicating the beginning of data, at the beginning of the 
RLL code. When the RLL circuitry reads these pat- 
terns, it’s ready to decode RLL data. 


_ WRITE/ENCODE 


copeciock J Lj LJ Lt Lo 
_ Jes ENCODE ONE DATA — 
RD_CLK rT tL. : 
_ ao 2-BIT CODE 
SHIFT_OUT : | 
SHIFT OUT SECOND BIT 
ae LtitCsC _. 
SHIFT IN ONE 3 DATA Saag te 
SHIFT_IN 7 rr CU. 


RD_CLK := /RD_CLK (A REGISTERED SIGNAL FROM IC.) _ 
SHIFT_IN = READ*/CODE_CLOCK+WRITE*RD_CLK 
SHIFT_OUT = READ*/RD_CLK +WRITE*CODE_CLOCK 


LOAD = READ+WRITE*RD_CLK 


CODE_CLOCK : CODE-RATE CLOCK SIGNAL FROM FDDAM PIN 


_ON Am9582 DISK-DATA SEPARATOR 


READ,WRITE - READ/WRITE MODE SIGNALS FROM Am9580 


_ HARD-DISK CONTROLLER 


_ RD_CLK: DATA-RATE CLOCK DERIVED FROM CODE_CLOCK 
- SHIFT_IN : COMBINATORIAL SIGNAL FROM IC2 
SHIFT_OUT, LOAD : COMBINATORIAL SIGNALS FROM IC3 


Fig 5—The timing signals from IC; and IC; control the loading and shifting of code and data in the INREG and OUTREG registers. Note 
that the clock and shifting signals for the coded bits have twice the frequency of those for the data bits, a situation that corresponds to the 2:1 


density ratio between code and data. 


en en a ee 
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LO EEE SS 


If the decoder detects any pattern before it 
detects the address marker, the circuit resets 
itself and begins the initialization sequence 
anew. 


CODE RECOVERS 
_ COMPLETELY 


0 DETECTED 


—— STATE OF 
DECODING 


ERROR 
RECOVERY 


Fig 6—The ability to recover from an error is a useful feature of 
RLL 2,7 code. An error at cycle Ez results in incorrectly translated 
data until the machine recovers fully. 


The synchronization field comprises a series of pat- 
terns that allow the phase-locked loop in the disk-data 
separator to synchronize to the frequency of the incom- 
ing data. These patterns represent the maximum fre- 
quency input. For RLL 2,7 code, that input is 100100, 
because this code has the fewest permissible zeros 
between ones. Using the highest possible frequencies 
minimizes the synchronization time, so the patterns are 
completed quickly. 

A marker that follows the synchronization field indi- 
cates the beginning of data. This marker, the address 
mark, must be distinct from all other code words. For 
example, you can use a pattern that violates the code 
rules, such as a string of zeros (this string is called “dc 
erase” because it removes all flux transitions from the 
recording medium). Alternatively, you can use a pat- 
tern that obeys the code rules but is not a defined code 
pattern. In the examples in this article, the pattern 
00000100 identifies the beginning of data. Although this 
pattern is not a defined code word, it doesn’t violate the 
RLL 2,7 code rules as long as it’s preceded by no more 
than two zeros in a row. 

When the 100100 pattern is synchronizing the circuit- 
ry, the circuitry produces the Rd_Clk signal, which is 
in phase with the pattern. In order for the decoder to 
operate properly, the Rd_Clk signal must rise with the 
first one in the pattern and fall with the second one. 
However, because of the repetitive nature of the pat- 
tern, the circuitry could produce a falling edge of 
Rd_Clk on the first one in the pattern and a rising edge 
on the second one, in which case the circuitry would not 
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be in synchronization with the beginning of the data. 

The encoding circuitry resolves this synchronization 
problem by inserting the pattern “0100” eight times 
between the synchronization field and the address 
mark. The phase-locked-loop system locks onto the 
0100 pattern, and the Rd_Clk control circuitry in IC, 
sets itself to decode the data correctly. 

To put the synchronization and marker data into the 
RLL 2,7 code on the disk, you must design the RLL 2,7 
encoder to produce the signals. When the signal WG 
(from the hard-disk controller IC3) goes high, the data is 
encoded to all zeros. The encoder translates the zeros 
as the synchronization pattern 100100, which is then 
stored on disk. 

Next, the address-mark-control (AMC) signal from 
the hard-disk controller sets an internal latch in IC», 
producing the output Am_Latch, which forces IC; to 
put ones in the INRKG register. The encoding circuitry 
codes the ones as the string 0100. After the eighth 0100 
pattern, IC, sets the Complt signal high. On sensing 
Complt, IC, writes the address mark. 

The encoding circuitry must have the first four data 
bits in INREG by the time the address mark is written. 
IC; writes two patterns for the address mark. At the 
start of the second address-mark pattern, IC, sets AMF 
(Address Mark Found) High and resets Am_Latch low. 
The assertion of AMF signals the hard-disk controller 
to begin shifting data into INREG for encoding. Be- 
cause four Rd_Clk cycles occur while the address-mark 
pattern is being written, the first four bits are shifted 
into INREG by the time the second address mark is 
written. 

The decoder circuit has two safeguards that prevent 
it from identifying the address-mark pattern incorrect- 
ly. First, the decoder must detect at least five 0100 
patterns before it acknowledges the address-mark pat- 
terns. Second, if it detects any pattern before it detects 
the address mark, the circuit resets itself and begins 
the initialization sequence. 

IC, implements these two safeguards by monitoring 
the RLL code that IC, decodes. When the hard-disk 
controller asserts the RG and AMC signals, IC, sets 
Complt and Am_Latch low. IC, sets Complt high when 
it detects the fifth consecutive 0100 pattern, enabling 
IC; to detect the address mark. If the input to IC, is 
anything other than a 0100 pattern or an address mark, 
IC2 sets Complt low, and the initialization begins anew. 

If IC; successfully detects the address-mark pattern, 
it sets AMF high. The assertion of AMF causes IC, to 
set Am_Latch high, thus enabling the output of OUT- 
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A compact 553 that carries a busload. 


The UT1553B BCRT data bus system 
proves that big things do come in 
small packages. It’s loaded with 
features including both MIL-STD- 
1553B Bus Controller and Remote 
Terminal functions and advanced, 
specialized memory management — 
all on one low-power CMOS chip. 
It’s the next generation product 
in our 1553 family. The BCRT was 
designed to reduce host intervention 
with automatic DMA and address 
generation. It automatically executes 
message transfers, provides 
interrupts, and generates status 
information. UTMC’s BCRT allows 
you to implement a pseudo-trans- 
parent dual-port RAM configuration. 


The BCRT’s bus controller uses 
a linked-list message scheme to pro- 
vide the host with message “chaining:’ 
Memory space is optimized by using 
programmable address pointers. As 
an RT, the BCRT implements time 
tagging and message history 
functions. It also supports multiple- 
message buffering— up to 128 — 


_ including variable-length messages 


to any subaddress. 


The BCRT complies with the 
standard LAN used for military 
systems while meeting selected tests 
in MIL-STD-883C. It is available 
in 84-pin LCCs, PGAs, or Cerquads. 

Don’t miss the bus on your 1553 
system needs. Call UTMC. 
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Product Marketing 

United Technologies 
Microelectronics Center 

1575 Garden of the Gods Road 
Colorado Springs, Colorado 80907 
1-800-MIL-UTMC 
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Power Your 
Communications. 


Communicate Your Power. 
With TDK Ferrite Cores. 


As telecom technology switches to digital, and 
power supplies switch to switchers, quality and fea- 
tures of ferrite cores take on added importance while 
generating new reasons to talk to the undisputed 


leaders, TDK. 


Next time you're in our neighborhood, come and 
take a look at the world’s largest production of ferrite 
materials. TDK manufactures ferrite cores from the 
raw materials on up, with totally automated produc- 
tion systems. 50 years of experience and a continu- 
ous R & D program are reflected in unique features 
and unsurpassed quality levels. 


For telecom and 
power supply appli- 
cations, TDK ferrite 
cores include: 


®@ High permeability 
types such as our H5E 


® Low loss types with 
Significantly reduced 
loss factors up into the 
MHz range; 


@ Extremely low power 
loss and reduced tem- 
perature surge types 
(H7c4); 


@ TDK original cores, 
EEC, EP, LP and PQ 
as well as IEC standard 
core shapes including 
EEC, POT, RM, etc. 
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REG to send decoded data to the hard-disk controller. 
Am_Latch remains high as long as RG is high. 

RLL 2,7 encoding also provides for error recovery. 
Whenever a disk-drive system reads code from a disk, 
the read/write heads or the transmission cables can 
cause transmission errors. One of the properties of 
RLL 2,7 code is that any single-bit error (for example, a 
coded one detected as a zero) will correct itself after a 
run of at most 16 correctly detected bits. 

In short, whenever a 2-bit pattern doesn’t match any 
of the expected patterns for a particular state of the 
decoding circuitry, the decoding state machine returns 
to state zero and generates a zero as a translation for 
the erroneous code bits. Then the decoder shifts the 
next two code bits into the INREG register and contin- 
ues decoding from state zero. 

In such cases, the decoding state machine can cor- 
rectly decode coded data, but it may not recover 
immediately upon returning to state zero. As Fig 6 
shows, although the code bits that the decoder detects 
may be valid, the decoded data is incorrect because the 
error has forced that state machine into the wrong 
state. In this example, the decoder doesn’t recover until 
6 code bits later (in cycle E6), when it again falls into 
the correct state and accurately decodes the data. EDN 
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What makes Data Display the industry leader in LED products? 


High performance? Yes! No matter what reason you choose for buying your LEDs 
from Data Display, you'll be right. You simply can't go wrong. 


Competitive pricing? Certainly! Give us a Call today and ask for our free catalog. You may 
even come up with some reasons we havent thought of yet! 


Design integrity? Absolutely! Call toll free (800) 421-6815. Within California call (213) 
. : ‘cna? i 640-0442. Or TLX 664-690. Or write Data Display Products, 
Engineering expertise? Of course! == 35 35, 51072 Los Angeles. CA 90009, 


Conceptual creativity? That’s right! 

: ‘ aee Data Display Product 
Applications support? Positively! 301 Coral Circle, El Segundo, CA 90245 
Lifetime guarantee? Right on! ee 


International Reps — Argentina YEL S.R.O., PH: 46 2211, TLX: 390 18605, YELAR e Australia Ampec, PH: 02 7122466, TLX: 790 27136 AMPEC ¢ Belgium/Holland Klaasing Elc. 
PH: 01620 51400, TLX: 844 54598 KLBDNL @ Denmark Radio Parts, PH: 01 34 34 11, TLX: 855 19613 RPARTDK e Israel R.C.M. Computers, PH: 03 485192, TLX 922 341390 ¢ Italy 
Microdata, PH: 0187 988182 ¢ South Africa Liberty Elec., PH: 52 7637/8/9, TLX: 960 86732SA ® Spain Betatron, PH: 6932421, TLX: 23911 PCOE ¢ United Kingdom Marl Int'l, 
PH: 0229 52430, TLX: 851 65100 MARLG ¢ West Germany/Austria Kuhn, PH: 06235 5662, TLX: 841 464766 KUHND e 
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WHAT ARE NCC 
EXHIBITORS DOING THAT 
YOU SHOULD BE DOING? 


Selling products. NCC ’85 attendees have 
been tracked and surveyed over the last year. 
In the 9 months following the 1985 NCC, 70 
percent of attendees bought products they had 
seen exhibited at the conference. Another 54 
percent expect to buy products or services 
seen at the NCC within the next 12 months. 
The average dollar purchase made by NCC 
attendees was over $873,000. 

If you want to make sales leads, make 
them at NCC. 


Enhancing company image. Participating 
in NCC offers you key positioning and high 
recognition among the leaders of the industry. 
NCC is the place to exchange information with 
attendees, but also with other exhibitors. 

If you want to make contacts, make them 
at NCC. 


Building awareness of your product. The 
NCC audience—professionals, DP Managers, 
Users, MIS Directors, Consultants and Media— 
will be exploring the exhibits. NCC is the ideal 
forum to unveil a new product and 
demonstrate the technology to new and 
existing customers as well as exposure to 
approximately 750 media representatives. 

If you want to make news, make it at 
NCC. 


WHAT’S THE INDUSTRY DOING 
THAT YOU SHOULD KNOW ABOUT? 


Four days spent at NCC—with industry 
leaders conducting conference sessions and 
top business executives from your product 
market visiting your NCC exhibit—could tell 


you. 
If you want to make informed decisions, 
make them at the NCC. 


IF YOU WANT TO MAKE IT 
HAPPEN, EXHIBIT AT.... 


The National Computer Conference ’87 
June 15-18, 1987 
McCormick Place, Chicago, Illinois 


Don’t miss the opportunities offered by 
NCC. Make your presence known. 


Call 800-222-5755 today or return the 


coupon below. 


x. Sponsored by: 
* AFIPS, ACM, DMPA, IEEE-CS, SCS 


MAKE IT HAPPEN — EXHIBIT AT NCC —— 


Name 


Title 


Company 
Address 
City 


NCC '87 


JUNE 15-18/CHICAGO 


Please send me detailed information on making it happen at NCC ’87 


reli: Ut: alana aeaeare 
Detach and mail to: 


NCC ’87 Sales, 1899 Preston White Dr., Reston, VA 22091 


OI 
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Introducing the VMEbus 
boards that need practically 
no introduction. 


Getting acquainted can get expensive. Especially if your = vuex2a6 
VMEbus CPU boards require extensive modification of your. i ana, 
existing software. . 

Fortunately, now ISKRA makes CPU boards with Intel and 
Digital’ microprocessors that show up ready for work, Day 1. 
ISKRA’s VMEx286, with an 8MHz 80286 microprocessor, iS 
already fluent in XENIX' iRMX: and MS-DOS: And our VMExJ11 
has an equally firm grasp of Digital’s DCJ11 and RSX-11M, and 
adapts to single and dual processor configurations. 

lf you want to skip over the formal introductions and get 
right down to business, then write to us at 222 Sherwood Ave., 
Farmingdale, NY-11735 or call toll-free 1-800-862-2101. In New 
York, call us at 516-753-0400. 


VMExJ11 
with 
Digital DCJ11 


*Trademark of Digital Equipment Corp. Trademark of Microsoft Corp. **Trademark of Intel Corp. VMEx286 and VMExJ11 are trademarks of Iskra VME Technologies. 
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MODEM TESTING... 
THE BEST SOLUTION (RRGetore 
IS ALSO THE EASIEST [igtemmmunes 


private line or switched 
75 bps—19.2K bps 
USA and international formats 

e Versatile— can be used for everything 
from “go/no go” testing to complete 
characterizations of your modems 

e Automatic self calibration — assures 
accurate, repeatable results 

e Saves programming costs—TASKIT™ 
software package provides integrated, 
automatic testing environment and runs on 
IBM PC, PC-AT, AT&T 6300 and compat- 
ible machines— or use Channel Simulator 
high level command set to design your 
own routines quickly 

e Sophisticated technology — tests even the 
fastest, most advanced modems. 


Call 201-530-9242 
or write 


tase“ 


Telecom Analysis Systems, Inc. 


86 Birch Avenue 
PO. Box 635 
Little Silver, NJ 07739 


The TAS 1000° Modem Test System 
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DENSEI —a leading stepper 
motor manufacturer in Japan 
entering the world market. 


Densei’s hybrid stepper motor product line 
offers: various sizes, and torques at 1.8° and 
0.9° step angles. Densei’s design features 
smaller running clearances between the rotor/ 
stator, thus providing superior performance 
per package size. Densei’s production as- 
sembly in a clean room and 100% testing, 
assures high performance and quality. 


DENSITRON INTERNATIONAL is Densei’s local 
marketing/technical interface. With field sales re- 
presentatives throughout the world, backed up by 
sales engineers at Densitron International's lo- 
cations, Densitron is able to offer immediate appli- 
cation engineering assistance. Additionally, step- 
per motors are inventoried at key facilities for 
quick prototype response. For further information, 
please contact. 


“For more information please contact: 
DENSITRON CORPORATION OF AMERICA 


"8 | P.O. Box 1318 Camden SC 29020 Phone: (803)432-5008 Facsimile: (803)432-1165 


=~" EEINSEI NIPPON ELECTRIC INDUSTRY CO, LTD. 
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Correct modem choice 
requires knowledge of 
communication needs 


Before you can select the modem best suited 


to your computer system, youll need to con- 
sider the data rates your system will sup- 
port, the volume and type of traffic, and 
the type of lines you'll use. The guidelines 
presented here will help you find your way 
through the communications maze. 


Jack Douglass, Universal Data Systems 


Configuring your computer system to communicate 
with a remote user or with another computer is not just 
a matter of buying a modem and connecting it between 
your computer and a phone line. Each one of the many 
different kinds of modems that are available is suited to 
a particular kind of application. To select the right 
modem for your application, you'll need to consider 
many different aspects of your communications require- 
ments. Your task is not made any easier by the fact that 
the communications field has its own specialized vocab- 
ulary. Unless you’re familiar with this vocabulary, you 
may have difficulty understanding even the basic hard- 
ware specifications, not to mention their subtler impli- 
cations. 

Among the factors you'll have to take into account are 
the speed at which various modems can send and 
receive data; the digital interface between the modem 
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TRANSMIT —__—) RECEIVE 


MODEM A 2-WIRE LINK | - 


eet SINS 


/MODEMA | —2-WIRE LINK / 
RECEIVE (cama Tae TRANSMIT 


Fig 1—Half-duplex modems take turns transmitting over the same 
2-wire connection. The associated terminal equipment must be able 
to control the RTS signal and monitor the DCD and CTS signals. To 
send from A to B(a), DTE A turns on RTS, waits for CTS, sends the 
data, and then turns off RTS. DTE B must wait until DCD turns off 
before turning on RTS to initiate a transmission in the reverse 
direction (b). 


and a terminal or host computer; the line protocols 
available (half-duplex, full-duplex, multidrop); the data- 
transmission mode (synchronous or asynchronous); the 
various types of telephone lines to which you may have 
to connect the modem; and the US and international 
standards for establishing communication. Once you 
have determined your requirements in relation to these . 
factors, you can use selection-guide Tables 1 and 2 (on 
pages 306 and 308) to find a general class of modem 
that will meet your needs. 
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The capabilities of your terminal equipment 
and the volume of your traffic are the main 
considerations when selecting a modem. 


The speed at which a modem can send and receive 
data was, until a few years ago, specified in terms of 
baud rate. The baud is a measurement unit dating back 
to the days of Morse code, and it’s defined as the 
shortest signaling element. In modern telecomm speci- 
fications, the data rate is more often specified in bits 
per second (bps), because a single change of phase (and 
possibly of amplitude) in the analog signal can repre- 
sent a group of two or more data bits. The bandwidth of 
the telephone line limits the permissible number of 
phase/amplitude changes per second (ie, the baud rate), 
but suitable bit encoding may allow the bit rate to be 
several times higher than the baud rate. 

At data rates of 0 to 2400 bps, modems seldom 
perform any bit encoding; therefore, the bit rate and 
baud rate are identical. The narrow bandwidth (300 to 
3300 Hz) of public switched telephone lines does not 
allow baud rates greater than 2400, but multilevel bit 
encoding can yield bit rates as high as 19,200 bps 
without exceeding the 2400-baud limit. The industry- 
standard bit rates for analog modems are 0 to 300, 0 to 
1200, 1200, 2400, 4800, 9600, 12,000, and 14,400 bps. 
The special modems used on the Digital Data Service 
(DDS) network in the United States operate at rates of 
2.4k, 4.8k, 9.6k, or 56k bps; these modems are called 
DSU/CSUs (data-service/channel-service units). 


High volume can justify high cost 


You'll select a modem speed according to such appli- 
cation-specific factors as the maximum speed that your 
serial ports can provide, your expected volume of 
traffic, and cost. Most modern computers can operate 
with high-speed modems at rates of 12,000 bps or 
higher, but older machines can have a lower limit. Ifthe 
application is on a home computer to exchange electron- 
ic mail or transfer small files, the speed of the modem 
can be less important than its cost; 1200 bps is usually 
adequate, and not many public database services pro- 
vide higher rates as yet. However, if your system needs 
to transfer large inventory, accounting, or graphics 
files over the long-distance public switched telephone 
network (PSTN), you'll want to transfer the files as fast 
as possible, to minimize connect-time charges. In gen- 
eral, the higher the speed of a modem, the greater its 
cost. Nevertheless, although the initial cost of a high- 
speed modem can be high, its greater throughput can 
result in a lower system operating cost, especially when 
using the PSTN. 

In telecomm parlance, modems, multiplexers, and 
other units that connect to a telephone line are called 
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data circuit-terminating equipment (DCE) or data com- 
munications equipment. Equipment that originates dig- 
ital data or receives it is called data terminal equipment 
(DTE). A DTE unit can be a simple video terminal or a 
complex computer system. The connection between the 
DTE and the DCE is called the digital interface. 

The interchange circuits of the digital interface con- 
sist of data circuits, control circuits, and timing circuits. 
The data circuits carry outgoing digital data to be 
transmitted by the modem and incoming data that has 
been digitized by the modem. The basic control circuits 
carry signals that cause the modem to connect to or 
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(%) a (FREQ) 


TRANSMIT RECEIVE | 
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Fig 2—Full-duplex modems can send data in both directions 
simultaneously over a 2-wire link (a), and they require less rigorous 
control over the digital interface leads. Using frequency-division 
multiplexing (b), modem A (an answer-mode unit) transmits on the 
higher of two frequency bands to the receiver of modem B. Modem B 
(an originate-mode unit) transmits on the lower frequency band to 
the receiver of modem A. When employing echo-cancelling techniques 
(c), modems use the same frequency band at each end of the link and 
can send data in both directions at the same time. 
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disconnect from the line, indicate the direction of trans- 
mission, and indicate whether or not a connection to a 
remote modem exists. Other (optional) control signals 
indicate modem speed, the quality of received data, and 
the results of self-test operations. The timing circuits, 
used only when the modem is operating in synchronous 
mode, provide a clock signal that’s generated at the 
sending station and sent over the line for recovery by 
the receiving modem. This clock signal controls both 
the transmitting and the receiving serial circuitry, thus 
ensuring synchrony between the two ends of the link. 


Standards specify digital interface 


Three organizations issue standards that define digit- 
al interface circuits, their electrical and timing charac- 
teristics, the manner in which they operate, and the 
mechanical details of the appropriate connectors. These 
organizations are the Electronics Industries Associa- 
tion (EIA), the International Consultative Committee 
for Telephony and Telegraphy (CCITT), and the Inter- 
national Standards Organization (ISO). — 

EIA interface specifications were formerly desig- 
nated RS-nnnX, where “RS” indicated that the stand- 
ard related to communications equipment, “nnn” was 
the standard number, and “X” was the revision. The 
RS designation has recently been changed to EIA, so 
that the famous (or notorious) standard RS-282C has 
now become EIA-282C. Many CCITT recommenda- 
tions for communications equipment carry the designa- 
tion V.nn or X.nn, and ISO standards are designated 
ISnnnn. 

EIA-232C is the most common interface for data 
rates in the range from 0 bps to a nominal upper limit of 
20k bps. This standard is in the process of revision to 
bring it into line with international standards V.24, 
V.28, and IS2110. The new standard number will be 
EIA-232D, and it reflects the addition of a specification 
for the 25-pin interface connector, the inclusion of test 
interchange circuits, the redefinition of protective 
ground, and the addition of a shield connection. 

For data rates of 20k bps to a nominal upper limit of 
2M bps, EIA-530() (to be released soon) will gradually 
replace EIA-449(), which will eventually be discarded. 
The EIA-53800, EIA-4220, and EIA-423() standards 
are intended to complement EIA-282D. EIA-530() uses 
the same 25-pin connectors (DB-25P and DB-25S) as 
EIA-232D and will probably also replace the V.35 
interface in the United States, mainly because the 
connector for the V.35 interface is much larger and 
more expensive than the DB-25 connector. 
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Fig 3—Some ASCII terminals display characters on the screen at 
the same time they send the characters out toa modem or CPU on the 
TD lead (a). This mode is often designated half-duplex on the 
terminal, but it’s more accurately called “echoplex.” When the CPU, 
rather than the terminal, echoes characters originating at the key- 
board back to the screen (b), the mode is designated full-duplex on the 
terminal but is more accurately termed “echo mode.” 


Modems operate in one of three modes: half-duplex, 
full-duplex, or multidrop. A half-duplex modem uses 
the full bandwidth of the line. On a 2-wire link it can 
send or receive, but not both at the same time (Fig 1). 
It connects the telephone line to the transmitting 
circuitry or to the receiving circuitry as appropriate, 
under control of the request-to-send (RTS) signal. 

Two communicating modems take turns transmitting 
and receiving. When DTE A is ready to send, it turns 
on the RTS signal, which causes the modem to emit a 


carrier signal. When modem B receives this carrier, it 


turns on its data-carrier-detect (DCD) signal to tell 
DTE B to get ready to receive data. After a short delay 
that allows the line to stabilize and Modem B to train 
(ie, to identify the type of transmission and the data 
rate), modem A turns on its clear-to-send (CTS) signal. 
DTE A can now send its data, terminating the trans- 
mission by turning off its RTS signal. When the DCD 
signal at modem B goes off, DTE B can turn on its RTS 
signal to initiate a transmission. 

You can see that in order to work with a half-duplex 
modem on a 2-wire link, each DTE unit must have full 
control over its RTS signal and be able to monitor the 
CTS and DCD signals. Many half-duplex modems, 
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The interchange circutts of the digital in- 
terface consist of data circuits, control ctr- 
cuits, and timing circutts. 


however, can operate over a 4-wire link in full-duplex 
mode, in which one pair of wires carries data from A to 
B, and the other from B to A. Like full-duplex modems 
(Fig 2a) on a 2-wire link, half-duplex modems on a 
4-wire link don’t have to turn the line around (ie, take 
turns transmitting and receiving), because they can 
transmit and receive data simultaneously over separate 
2-wire links. For this reason, DTE units used with 
half-duplex modems on 4-wire links, or with full-duplex 
modems, can hold the RTS signal permanently on. 
These modems hold CTS and DCD continuously on, 
after an initial handshake between the modems at the 
beginning of the transmission. However, computers 
included in the link may monitor the DCD and/or CTS 
signals so that the communications software can detect 
and report a disconnection. 

Full-duplex modems use either frequency-division 
multiplexing or echo-cancelling techniques to achieve 
bidirectional data transfer over a 2-wire link. Frequen- 
cy-division multiplexing (Fig 2b) uses one frequency 
band for transmission from A to B and another frequen- 
cy band for transmission from B to A. Within each band, 
two frequencies represent mark and space signals. 
These four frequencies must be far enough apart for 
filters to separate them and prevent mutual interfer- 
ence. Consequently, each modem can use only a portion 
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of the full bandwidth of the line and therefore only a 
portion of the full transmission capacity. 

In echo-cancelling modems (Fig 2c), special circuitry 
prevents the signal emitted by the transmitting circuits 
from leaking back into the local receiving circuits. Both 
ends of the link can therefore use the same frequency 
band without mutual interference, and both modems 
have the full bandwidth of the line available to them. As 
a result, echo-cancelling modems can achieve higher 
speeds than frequency-division multiplexing modems. 


ASCII terminals change the definitions 


You'll find that the documentation of some ASCII 
terminal equipment, and a few older modems, defines 
the half-duplex and full-duplex modes somewhat differ- 
ently. In half-duplex configuration, characters originat- 
ing at the keyboard are “echoed” locally to the screen 
for display; the loop can be in the terminal or estab- 
lished via a switch on the modem. This mode is more 
properly called “echoplex” (Fig 3a). 

Full-duplex, for these units, means that characters 
originating at the keyboard are sent directly to the host 
computer without local echo; the host computer re- 
transmits each character, as it is received, to the 
terminal screen (Fig 3b). This mode, properly called 
“echo mode,” is standard for terminals that act as the 


INTELLIGENT INTELLIGENT INTELLIGENT INTELLIGENT 
TERMINAL A TERMINAL B TERMINAL C TERMINAL D 


Fig 4—A multidrop network contains one master modem, located at the CPU, and multiple remote modems located at the remote terminals. 
The CPU uses a poll list to poll each remote terminal for data. Remote terminals respond one at a time to a unique poll code, or address. 
Multidrop networks require intelligent DTE units that are capable of controlling the digital interface leads in a manner similar to that 


required for half-duplex modems. 


302 


EDN September 18, 1986 


local console device of a computer. The advantages of 
the echo mode are that the operator can verify that the 
computer correctly received characters entered at the 
keyboard and that the operator can rectify typing 
errors before hitting the Enter key to execute a 
command. 


Connect multiple terminals to one line 


Most half-duplex and some full-duplex modems can 
operate in a multidrop configuration—ie, one in which a 
host computer communicates with several intelligent 
terminals that are all connected to the same line (usual- 
ly a 4-wire connection). Multidrop networks require 
that all DTE units be able to manipulate the digital- 
interface control leads in a manner similar to that 
required by half-duplex modems. In addition, remote 
units must be able to accumulate messages in a buffer 
memory or on a mass-storage device. The communica- 
tions software must employ a protocol that will support 
a multidrop network. 

A multidrop network (Fig 4) contains one master 
modem and multiple slave (remote) modems. The mas- 
ter modem is located at the host computer, a remote 
modem at each remote terminal site. The master 
modem sends a constant carrier signal to the slaves, so 
all messages sent from the CPU to the remote termi- 
nals are heard by all remote terminals. Every remote 
terminal must be able to recognize its own unique 
address code and must respond only to that address. A 
remote terminal responds by raising RTS and transmit- 
ting its response message. 

Typically, the remote sites are polled in sequence. 
The number of sites in the poll list and the protocol in 
use will determine the minimum time interval at which 
the CPU can poll a given terminal. This time interval 
will, to some extent, govern the amount of storage 
required for message queues at each remote site. 


For low traffic volume, use async modems 


You'll find the choice between asynchronous (nonsyn- 
chronous in the new terminology of EIA-232D) and 
synchronous modems relatively easy to make. If you 
expect most of your traffic to be interactive communica- 
tion with a public database, or communication between 
user terminals and a timesharing host computer, and if 
you don’t expect to be transferring many large files, an 
asynchronous modem will meet your needs. You can use 
asynchronous modems with a wide variety of DTE 
units, such as video terminals, printers, personal com- 
puters, and mainframes. If, on the other hand, most of 
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Fig 5—Asynchronous characters are framed by start and stop bits 
to avoid the need to transmit a clock signal over the line. They may 
contain a parity bit for error checking (a). Because each character is 
an independent element, the terminal equipment may send charac- 
ters in blocks or one at a time, with an undefined time interval 
between each character (b). 


your traffic will be computer-to-computer transfer of 
large files, you'll benefit from the higher throughput of 
synchronous modems. 

Asynchronous modems characteristically operate at 
speeds of 1200 bps or less, but some modems achieve 
higher asynchronous data rates (2400, 4800, and 9600 
bps) by using internal async-to-sync converters. These 
converters allow you to interface asynchronous DTE 
units to synchronous modems by synchronizing the 
incoming data with the modem’s clock. 

The async character format (Fig 5) is usually ASCII, 
though asyne systems can employ other codes. Each 
async character is framed with a start bit and a stop bit 
and can contain a parity bit for error detection. The size 
of an async character is generally nine, 10, or 11 bits. 
The terminal or computer sends one character at a 
time; characters can follow one another with no interval 
(eg, during an automatic file transfer), or the time 
interval between characters (as in manual entry from a 
keyboard) can be indefinite and variable. The bits of 
each character are clocked into and out of the serial 
ports at each end of the link by locally generated clock 
signals. Because the start and stop bits clearly define 
the beginning and end of each character, the local clock 
generators need only maintain synchronism over the 
time required to send one character, and their frequen- 
cies can differ by as much as four percent without 
causing errors. 

Synchronous modems are usually used with large 
computers in the commercial environment, but person- 
al-computer users can also obtain the speed and error- 
correcting protocols associated with synchronous trans- 
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Half-duplex modems can send or recetve, 
but not both simultaneously. Full-duplex 
modems can do both at the same time. 


mission by using special interface/modem cards and 
software such as Sync-up, Gateway, and Irma. Stand- 
ard sync modems operate at speeds as high as 14.4k 
bps. DSU/CSUs, which utilize a synchronous interface, 
operate at speeds as high as 56k bps. 

Synchronous data transfers take place in large 
blocks, frames, packets, or groups of characters (Fig 
6a) that include framing or synchronization characters 
(or both) at the beginning and end of each block of 
data—ie, Sync, Flag, STX (start of text), ETX (end of 
text). Individual characters are not framed by start and 
stop bits and do not contain a parity bit; they follow 
each other without any gap. To maintain synchroniza- 
tion between the transmitter and receiver DTE units, a 
clock signal generated by the transmitter is sent over 
the line for recovery by the receiving modem; the rising 
edge of each pulse defines the start of the bit time at the 
transmitter, and the falling edge allows the receiver to 
sample the line at the center of the bit time. 

To accomplish error control, the transmitting unit 
computes a block check character (BCC) for each block 
and transmits the BCC after the ETX character. The 
receiving equipment also computes a check character 
for the incoming block. If the received character doesn’t 
agree with the computed character, a transmission 
error has occurred; the receiving unit then requests 
retransmission of the entire block. For additional secu- 
rity, some systems use the 8-bit EBCDIC format in 
preference to ASCII format—although synchronous 
transmission of ASCII characters—or any other code— 
is perfectly possible. 


Use the PSTN for low traffic volume 


You can use any of three types of lines for data 
transmission: the dialup lines of the PSTN; private/ 
leased/dedicated lines (PLLs, sometimes referred to as 
voice-band private lines); and the DDS. 

The PSTN was formerly called the Direct Distance 
Dial (DDD) network. This is the type of line to which 
your home or office telephone is connected. Via PSTN 
lines, for which you pay a monthly fee, you can place a 
call to anywhere in the world. You can operate modems 
over PSTN lines at speeds as high as 9600 bps. The 
2-wire connection supports half-duplex modems and 
2-wire, full-duplex modems. The PSTN is cost effective 
when your transmission time is fairly short (minutes or 
a few hours), when you need to send data to multiple 
locations separated by many miles, or when multiple 
users call into a central location.. 

PLLs are direct connections between the users’ loca- 
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Fig 6—Synchronous characters do not contain start, stop, or parity 
bits. The terminal equipment sends synchronous characters in large 
blocks or packets, with no interval between the last bit of one 
character and the first bit of the next (a). Blocks are framed (b) by 
synchronizing (Sync) characters, a start-of-text (STX) character, 
and an end-of-text (ETX) character. A block check character is 
appended for error control. 


tions. Because the line is a permanent data connection 
between two locations, you can’t use it for voice commu- 
nication unless you have installed the alternate voice 
option—which is rarely done. You’ll normally use a PLL 
for data only. You pay for sole use of the line for 24 
hours a day. Fees for the line are based on the distance 
between your premises, the type of connection and 
conditioning you request, and the area of the country. 
Standard PLLs provide a 4-wire connection so that 
you can use half-duplex modems in full-duplex mode. 
However, you can also place a special order for a 2-wire 
connection. Although most modems will operate satis- 
factorily at speeds as high as 9600 bps over a basic- 
service line (often called a 3002 unconditioned line), you 
can, if necessary, obtain special conditioning to improve 
the line’s characteristics. If your data rate is more than 
9600 bps, the line will probably require some condition- 
ing. New tariffs define a series of 10 line types. Under 
this definition, a Type 5 line is very similar to the 3002 
unconditioned line. Two types of line conditioning are 
available: C conditioning to treat attenuation-distortion 
and envelope-delay characteristics, and D conditioning 
to address noise and harmonic-distortion characteris- 
tics. ! 
PLLs are cost effective only when you're sending 
large amounts of data between sites, or when multiple 
users at the remote site require service during a large 
part of each day. If you have several sites, with 
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computers or intelligent terminals at each, you might 
consider leasing a multidrop line, which is a special type 
of PLL that allows you to connect many modems to the 
same line. If you have one remote site at which multiple 
users are located fairly close to each other, you may be 
able to serve them all by installing at each end of the 
line a time-division or statistical multiplexer that feeds 
into a high-speed modem of sufficient capacity to carry 
all the traffic. 


DDS: heavy traffic between many sites 


A DDS line is a special type of wide-bandwidth PLL 
that uses digital techniques to transfer data at higher 
speeds and at lower error rates than voice-band PLLs 
can achieve. As with other PLLs, you pay for the DDS 
line 24 hours a day. Fees are based on the distance 
between user premises, the speed of the DSU/CSU, 
and the area of the country. DDS lines usually cost 
more than standard voice-band PLLs, but because of 
the increasing demand for them, the cost of DDS lines 
may soon become comparable. 

DDS lines are always 4-wire connections, and you can 
configure them into a multidrop network. You typically 
need to use a DDS line when you transfer very large 
amounts of data, and when a low error rate is essential. 
As with the voice-band PLLs, you can use time-division 
or statistical multiplexers with the DSU/CSUs to allow 
multiple low-speed DTE units to share the same line. If 
you plan to use 56k-bps DSU/CSUs at each end of the 
DDS line, you may want to use multiplexers (Fig 7) in 
order to exploit the line’s full capacity. 


Make sure your modems are compatible 


Now that you're familiar with some of the modem 
terminology and most of the factors that will influence 
your choice of equipment, you still must give some 
thought to questions of compatibility. Two modem 
technology standards, both widely used in the United 
States, are the Bell standard and the CCITT standard. 
The main parameters defined by these standards are 
the modulation techniques and certain timing require- 
ments. Until a few years ago the Bell standard was 
dominant in the United States. Now, however, the 
CCITT predominates in setting modem standards, 
partly because of an increase in international traffic (in 
Europe, most of the modems follow the CCITT stand- 
ards). There is, however, a large installed base of 
Bell-standard modems; many of these will continue to 
be produced, though it is doubtful that any radically 
new type of Bell-standard modem will appear. Table 1 
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\ TERMINAL 


LEASED TELEPHONE LINE, 
FULL DUPLEX 


Fig 7—Multiplexers allow many users to share a data link, 
provided that the combined average throughput of all users does not 
exceed the modem capacity. For example, a 9600-bps modem link 
could accommodate 32 low-speed (300-bps) channels. 


shows the standard types of Bell and CCITT modems. 

Standard modulation techniques for modems used 
with PSTN or voice-band PLLs are frequency-shift 
keying (FSK); differentially coherent phase-shift key- 
ing (DCPSK); and quadrature amplitude modulation 
(QAM). The standard signaling technique used for the 
DDS network is bipolar return-to-zero pulse-code mod- 
ulation (RZPCM). 

Standardization of the basic specifications guaran- 
tees some compatibility between modems from differ- 
ent companies, but don’t assume that they will work 
together well. For example, one company may put the 
line equalization in the transmitter circuits of the 
modem, while another company may put it in the 
receiver circuits. Even though both modems may follow 
the Bell (or CCITT) specifications, the difference in 
implementation of a feature that is not covered by the 
specifications will degrade the performance of both if 
you mix them in the same network. To guarantee the 
best possible performance, all of the modems in a given 
network should come from the same manufacturer. 


Different specs at different speeds 


Bell and CCITT modems, in most cases, are not 
compatible with each other, even though they operate 
with similar modulation techniques and at the same 
speeds. For example, Bell 212 and CCITT V.22 
modems have different initial handshaking procedures. 
This partial incompatibility is particularly troublesome 
in the 224-type modem. Most manufacturers of 224 
modems follow the V.22 bis specification at 2400 bps; at 
1200 bps, however, some follow the V.22 specification, 
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Echo-cancelling modems can achieve higher 
speeds than frequency-dimision multiplexing 
modems. 


and others follow the Bell 212 specification. Conse- 
quently, 224 modems manufactured by one company 
will not always connect properly when trying to estab- 
lish communication with a 224 modem manufactured by 
another company. Another example of partial compati- 
bility is that the Bell 201 and CCITT V.26 modems can 
work together, but only in the unscrambled alternative 
B modulation. All other Bell and CCITT modems are 
incompatible with each other. 

Some modems follow the basic modulation technique 
specified by Bell or CCITT but use different training 
techniques (analog-handshaking techniques) or have 
special features. This is especially true of such high- 
speed modems as the 9600-bps fast-poll type; one 
manufacturer’s implementation is seldom compatible 
with that of any other manufacturer. Other modems 
follow neither the Bell nor the CCITT specifications. 
These modems are compatible only with other members 
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of their respective product lines. 

Still other modems follow the Bell or CCITT specifi- 
cations for modulation and handshaking, but have fea- 
tures, such as autodialing or error control, that are 
designed to de facto standards. Examples of such de 
facto standards are the autodialing features and AT 
command set that first appeared in the Hayes 
(Norcross, GA) SmartModem, and the Xmodem error- 
correcting protocol developed for asynchronous com- 
munication between personal computers. The EIA 
TR-30.2 subcommittee is presently working on stand- 
ardization of a Hayes-compatible autodialing scheme. 

Several companies have developed error-control pro- 
tocols, such as MNP, EC protocol, and X-PC. All of 
these are widely used and are being studied by the US 
Modem Working Party. None has been so generally 
accepted as to emerge as a de facto error-control 
standard, although MNP appears to have a slight lead 
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Internal async-to-sync converters allow you 
to interface async DTE units to sync mo- 
dems by synchronizing the incoming data 
with the modem’s clock. 


over the others. As an interim measure, some manufac- 
turers have designed their modems and communica- 
tions software to handle multiple error-control 
protocols. 


Use a 5-step procedure to select a modem 


Your choice of modem will be governed by three 
possible scenarios. You may need to call into a public 
service, using existing terminal equipment; you may be 
establishing private links between existing terminal 
equipment; or you may be purchasing new terminal 
equipment as well as modems. In most cases, the 
terminal equipment will have the greatest influence 
over your modem selection, because it’s important not 
to install a modem that requires more control than the 
terminal equipment can provide. If you have questions 
concerning the capabilities of the terminal equipment, 


consult the manufacturer. Once you understand these 
capabilities, you can use the selection guide for modems 
used in the United States (Table 2) as an aid in 
selecting the proper modem for your application. 

To use this selection guide, perform the following five 

steps: 

@ Select the desired modem speed. 

@ Select half-duplex, full-duplex, or multidrop oper- 
ation over 2-wire (2W) or 4-wire (4W) telephone 
lines. 

@ Select asynchronous or synchronous operation. 

@ Select the line type (PSTN, PLL, or DDS). 

@ Look in the type/series column of the chart to find 
the standard modem that will suit your applica- 
tion. (Not all manufacturers will use this exact 
nomenclature, but most manufacturers will make 
modems that are compatible with those listed.) 


TABLE 2—SELECT be GUIDE FOR MODEMS USED IN THE UNITED STATES ] 
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If you transfer large files over the public 
telephone network, a high-speed modem can 
pay back tts higher initial cost by reducing 
your operating costs. 


Two examples will help to clarify the procedure. In 
the first example, you'll be using a personal computer 
or an ASCII terminal to access asynchronous files from 
a public data service. In this case, the terminal equip- 
ment does not have complete control over the digital 
interface (ie, it can’t turn the line around); therefore, 
you'll need a full-duplex modem. You'll view the files on 
the screen or print them on a fairly slow printer that 
can operate at 300, 1200, or 2400 bps. You'll access the 
public data service over dial-up lines (PSTN). Note that 
the capabilities of the existing terminal equipment at 
the public data service, and those of your own terminal 
equipment, will dictate the factors used to determine 
the modem type. 

You can now consult Table 2 to choose the proper 
modem. First, choose an appropriate modem speed. 
Most users find that the file-transfer speed (through- 
put) is too slow at 300 bps, satisfactory at 1200 bps, and 
excellent at 2400 bps, so choose 2400 bps if the the 
public data service can operate at this speed; other- 
wise, choose 1200 bps. The choice between full-duplex, 
half-duplex, or multidrop operation is easy because 
your own terminal equipment requires a full-duplex 
modem. The next decision is whether to select an async 
or sync modem, and again the terminal equipment is 
the controlling factor. Both your own terminal equip- 
ment and the public data service operate only in async 
mode. 

The final decision is whether a PSTN line, a PLL, or 
a DDS line is appropriate. You have to select PSTN, 
because the only access to the data service is via the 
dial-up lines. Consequently, a 224-type modem is best 
suited for this application. If you choose to operate at 
300 bps, you’d select a 103J; for 1200 bps, you’d select a 
212-type modem. 


High-volume traffic to mainframe 


In the second example, the DTE includes a large 
mainframe computer that must access and transfer 
large files to multiple remote-job-entry (RJE) termi- 
nals. The system can operate at speeds as high as 9600 
bps and can support a multidrop network, using a 
sophisticated synchronous protocol called Synchronous 
Data Link Control (SDLC). The system is in use 24 
hours a day; it will therefore require some type of PLL. 
Here again, the type of terminal equipment dictates the 
choice of modem. 

In this example it would be desirable to operate at a 
high data rate, but the initial cost of the system is also 
important, so 4800 bps would be a good compromise. 
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The system can support a multidrop network; there- 
fore, you’d select a multidrop, 4-wire line. You’d select a 
synchronous modem because of the high operating 
speed, the terminal equipment, and its associated pro- 
tocol. You could use a PLL or a DDS network. It turns 
out, however, that some of the remote terminals are 
located in sections of the country where DDS service is 
not offered, so you're forced to select a PLL network. 
From Table 2 you find that you need a 208A modem for 
this application. If you choose to operate at 2400 bps, 
you'd select the 201B; if you prefer to operate at 9600 
bps, you'd use a special Fast Poll V.29-type modem. If 
DDS service is available at all the desired locations, 
then you could use DDS 2.4k, DDS 4.8k, or DDS 9.6k 
modems. EDN 
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Generate scaled inverse of input squared 


Phillip N Douglas 
Telex Corp, Raleigh, NC 


Fig 1 illustrates a circuit that produces an output pulse 
train whose period is inversely proportional to the 
square of the magnitude of an input current or voltage. 
This mostly digital approach offers lower drift than you 
can obtain with designs based on analog multipliers. 

In response to an input, the V/F or I/F (voltage- or 
current-to-frequency converter, depending on the ap- 
plication) produces an output pulse rate 1/T. This pulse 
rate is divided by a 2% digital divider chain and applied 
to a pulse generator, which issues pulses of width W at 
intervals of 2NT. The AND gate’s output, therefore, 
produces bursts of pulses of width W at the 1/T rate; 

the bursts occur at intervals of 2NT sec. The output 

accumulator then counts these pulses and produces an 
output pulse every 2™ counts. 

Because the output accumulator counts W/T pulses 
every 2XT sec, the output period Tour is 


Tour = (2MTI/W)2°T = (2%+*%/W)T". 


T is inversely proportional to the input voltage or 
current, So 


Tout ad comerory( (1) 


5) 
INPUT?/’ 


PULSE 
GENERATOR 


Fig 1—V/F or I/F conversion is the first step in this method of 
generating a pulse train whose period is proportional to the input 
current or voltage magnitude. 


where K is a proportionality constant inherent in the 
input converter. 

To determine N for a given application, first note that 
each gate time W includes a +1-pulse uncertainty 
because the gating is asynchronous with the pulses. To 
achieve an accumulator accuracy A (in percent), you 
account for the uncertainty by setting W at least 100/A 
times the maximum expected T. On the other hand, W 
should be no more than 0.9T-2% to ensure retriggering 
of the pulse generator. These two boundaries for W let 
you derive an expression for N: 


100 


PA (Tmax) = W S 0.9Tmin(29). 


IC, 


CD4020A 


OUTPUT 
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Fig 2—This circuit realization of Fig 1 provides a 1-sec delay for 1-mA inputs and a 100-sec delay for 0.1-mA inputs. 
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That is, 
100Tyax/0.9AT ain <7". 


Substituting R for the dynamic range Tyax/Tmin yields 


28 => 100R/0.9A. (2) 
Eq 2 defines a minimum length for the 2% divider chain, 
based on your required accuracy and dynamic range. 
You can then use Eq 1 to calculate M, after substituting 
values for N and the desired output delay Tour. 

To illustrate, the circuit of Fig 2 produces a 1-sec 
output delay for 1-mA inputs and a 100-sec delay for 


Software provides rapid 
Jerold R Thompson 
Sperry Corp, Salt Lake City, UT 


When the need arises to check or generate the parity of 
character codes in software, the programmer must 


LISTING 1 


0.1-mA inputs (for which T=484.5 psec). The program- 
mable counter IC, includes an 8-stage divider and a 
time-base oscillator, which you can drive at pin 18 using 
a high-impedance current source. The D flip-flop IC, 
and the precision timer IC; provide the pulse-generator 
function. The Enable input lets you reset the circuit 
(low) or operate it (high). In this case, the circuit met its 
5% accuracy requirement without the need for calibra- 
tion; to achieve higher accuracy you may have to 
substitute a 75-kO resistor and 50-kQ trimming poten- 
tiometer for R}. EDN 
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parity check 


usually develop an algorithm because very few micro- 
processors have instructions for this purpose. Such 
algorithms involve counting the number of 1-valued bits 
and then testing whether the count is odd or even. 
The algorithm will run faster if its code simulates a 
hardware parity checker such as that of Fig 1. The 
68008 code of Listing 1 emulates the three logic levels 
of Fig 1. After executing this routine, you can test bit 0 
of register DO. The bit will be cleared (0) if the 
character code had even parity, or it will be set (1) if the 
parity was odd. EDN 
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Fig 1—You can quickly test 8-bit character codes for parity by emulating this hardware in a software routine. 
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Amplifier Arsenal 


50KHz to 2000MHz, 100mWoutput Gain Controlled From $69.95 


Our ZFL-2000 miniature wideband amplifier hit a bulls-eye 
when we introduced it last year. Now we've added more 
models to offer you a competitive edge in the continuing 
battle for systems improvement. 

The ZFL-2000, flat from 10 to 2000MHz, delivers +17 dBm 
output andis still priced at only $179. 

Need more output? Our ZFL-1000H, flat from 10 to 
1000MHz, delivers +20 dBm output. 

Variable gain important? Our ZFL-1000G, flat from 10 to 
1000MHz, delivers +3 dBm output with 30 dB gain control 
while maintaining constant input/output impedance. 

Searching for a high-quality, low-cost amplifier? Our 
ZFL-500 flat from 50KHz to 500M#Hz, delivers 10 dBm 
output for the unbelievably low price of only $69. 

One week delivery ... one year guarantee. 

Gain the competitive edge... specify Mini-Circuits 
RF/IF signal-processing components. 


SPECIFICATIONS 


Model No. ZFL-500 ZFL-1000G ZFL-2000 2ZFL-1000H 
Freq (MHz) 0.05-500 10-1000 . 10-2000 10-1000 
Gain (dB), Min. 20 1¥. 20 28 
Gain Flatness (dB) Max. +1.0 ot 5 4:5 +1.0 
Max. Power (dBm) 

(1dB compression) +10 +3 +17" +20 
NF (dB) typ. 5:3 12.0 7.0 5.0 
3rd order 

Intercept pt (dBm) +18 +13 +25 +33 
Current at 15V dc 80mA 90mA 100mA 150mA 
Price $ 69.95 199 179 219 

qty. 1-24 1-9 1-9 1-9 


For complete specs on these and our 1- and 2-W models refer to 1985-86 
Gold Book or Microwaves directory. 
*+15 dBm below 1000MHz 


A Division of Scientific Components Corporation 


P.O. Box 166, Brooklyn, New York 11235 (718) 934-4500 
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Sequential timer uses three chips 


V B Kuber 
The Motwane Mfg Co Private Ltd, 
Nashik Road, India 


The timer circuit shown in Fig 1 gives you independent 
control of the output’s on and off intervals, which can 
range from 0.055 seconds to 30 minutes. Unlike sequen- 
tial-timer circuits based on a dual one-shot (monostable 
multivibrator), this one is relatively unaffected by 
power-line transients. 

IC; is a CMOS programmable-timer chip that in- 
cludes 24 ripple-binary counter stages; the first eight 
are bypassed when a logic 1 is applied to pin 6. Then, a 
4-bit input code (pins A, B, C, D) connects one of the 16 
remaining stages to the output (pin 13). The chip 
includes an oscillator whose timing components are Cr, 
Rm, and Ry. For this example, you adjust Ry for an 


internal period Ty of 54.9 msec (18.2 Hz). Then, the 
output on (or off) interval is Toyr=Ty2'), where N is 
the number of counter stages in the internal divider 


POWER ON 


ICs 
CD4053 


Fig 1—You can program a 2-interval sequence by setting BCD code A,-D, for the on interval and A»-D>» Sor the off interval. Intervals can 


range from approximately 0.055 seconds to 30 minutes. 
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From Design to Production 
CASE Technology's new 


VANGUARD” PCB design system includes — 
schematic capture, CADAT logic simula- _ 


tion, worst case timing verification, and — 


can you find as complete a set of pro- 


fessional PCB design tools on the — 


for only $15,000. The entire system 
operates on standard IBM PC/XT/AIS, - 
MicroVAX workstations and VAX mini-- , 
computers. 


| system can be used as a stand- alone, 


a the —, 


+} 

‘ 
I 
i} 
+ 


interactive PCB design station for sche- 


Matic capture, component placement, 
routing and final artwork generation. The — 
PCB layout. Nowhere else in the industry ~ system allows for interactive 45 degree _ 

touting, rats nesting capability, pin and 


pping, automatic packaging, © 


on-line netlist consistency checking _ 


the schematic and the physical 


board design. It is by far the highest — 


performance PCB design system on 


CIRCLE NO 189 . S 


oo Tie CAE 2 Prlce/ Peformance Leader 


_ With more than 1500 installed — 


_ systems, CASE Technology has developed 

_a solid reputation as the CAE price/ 
performance leader. If you haven't seen 

what CASE has to offer, then now's 

_ the time. 


CASE ee Inc., 633 Menlo 


- ~ Avenue, Menlo Park, CA 94025. Phone: 
Gs S22- 4057; Telex 506513. 


ASE TECHNOLOGY 
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chain (Table 1). 

IC, and IC; are CMOS triple-spdt analog switches 
that connect one BCD code (A,-D,) for the on interval 
and another (A,-D,) for the off interval. You can apply 
these codes using manual toggle switches or program- 
mable latches. When power is first applied, the 
Switches are in the positions shown, which applies 
A,-D, to IC, and generates the on interval. When the 
output changes state, all the switches change position 
and initiate the off interval by applying A.-D, to IC,. 


The cycle then repeats. 

To eliminate race conditions, switches S, and S, of 
IC; operate in sequence before the remaining four 
Switches operate in parallel. To start the output se- 
quence with an off interval instead of an on interval, 
you can connect a power-on-set signal (pin 1) instead of 
the power-on-reset signal (pin 2). EDN 
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Simple hardware drives multiple displays 


R Jayapal 
Bharat Heavy Electricals Ltd, 
Trichirappalli, India 


In Fig 1, one 8-bit port drives five displays, each of 
which can include any reasonable number of digits. 


8205 
an ORB > 
E DECODER 0, 


SYSTEM 


INTERRUPT 
ES) 


TIMER 
LK 
OUT Ss 


Regardless of the number of digits, each display (Fig 2) 
requires only two signals, Clock and Clear. This ap- 
proach includes less hardware and fewer interconnec- 
tions than are found in the more conventional multi- 
plexing and serial-communications methods used in 
microprocessor-based systems. 


Fig 1—One 8-bit port drives five displays, each with an arbitrary number of digits. Each display requires only two signals, Clock and 


Clear. 
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The fastest monolithic 


sample-and-hold amps in the galaxy? 
As far as we know, YES! 


Choose the performance you need! 


In the fast-paced world of data acquisition, Acquisition time, 1.0 to 5 ys; droop rate, 0.05 
Harris gives you the range of sample-and-hold to 0.005 pV/ns (for 0 to 1000 pF of added 
amplifiers to cover your most exotic design re- capacitance). DC gain, 2 x 10° V/V; aperture 
quirements — from the world’s fastest to the one time, 25 ns. 

with longest hold time. Choice. Performance. M&#! HA-2420 and HA-2425: Universal. Ac- 
Reliability. Availability. These are the reasons so quisition time, 3.2 to 500 us, depending 
many of your fellow analog designers stay a step upon the selected droop rate — from 0.005 
ahead by specifying these Harris S/H amps: to 0.000005 pV/ps. DC gain, 5 x 104 V/V; 
@ HA-5330: Industry’s Fastest. Acquisition aperture time, 30 ns; slew rate, 7 V/s. 


time, 0.5 ys to 0.01%! Droop rate, 0.01 nV/ps Contact: Harris/MHS Semiconductor Sales 
with built-in 90 pF hold capacitor; DC gain, | Ltd., Eskdale Road, Winners h, Wokingham, 
2 x 10’ V/V; aperture time, 20 ns. Berks, RGl1 5TR, England. 

M@ HA-5320: Performance Leader. For a 3 
wide range of 12-bit, high-speed systems. 


“So you think Harris 
sample-and-hold 
amps will improve my 
data acquisition 
system performance?” 


FOR YOUR INFORMATION, 
OUR NAME IS OV one 


HARRIS 


Harris Semiconductor: Analog - CMOS Digital 
Gallium Arsenide - Semicustom - Custom 


Pr 


Gg HARRIS 
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Port bits Po, P:, and P: select the display to be 
updated: 000 for Display 1, 001 for Display 2, etc. These 
bits should be 111 when the displays aren’t being 
updated. 

To load Display 1, first clear it by issuing a software- 
generated pulse on P;. Next, initialize the 8253 pro- 
grammable-interval timer for BCD counting and load it 
with the decimal number to be displayed. After loading 
Po-P; with 000 and starting the timer, the CPU can 
continue with other processing. When the 8253’s count 
reaches the desired value, the 8253 issues an interrupt 


to the CPU. 

The interrupt service routine simply loads Py-P, with 
000, P3;-P; with 00000, and returns. Thus, Display 1 
reads the desired value, and you use a similar proce- 
dure to update the other displays. Table 1 gives the bit 
patterns required at the 8-bit port for handling each of 
the five displays. EDN 
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PBD 3545 Universal high current sink driver 


rm | 
cS 
oe | 
ress 
ID © 
ra 
ow 
On 
oS 
~ & 
c © 
oO ® 
sok 
ee 
= 
op me) 
ei 
1@) 
ES 
ae 
aS 
© Al 
2g ap me 
(G © 
i 
ae 
(4d) 
oe 
x< 
xo 
re 


RL 3525 A Switched mode power supply controller 
RL 3846 Current mode, switched mode power 


PBD 3548 Universal high current source driver 
supply controller 


ERICSSON 


CIRCLE NO 191 


is amember of the Ericsson Group 


RIFA 


DESIGN IDEAS 


324 


Design Entry Blank 


$75 Cash Award for all entries selected by editors. 
An additional $100 Cash Award for winning design 
each issue, determined by vote of readers. Addition- 
al $1500 Cash Award for annual Grand Prize Design, 
selected among biweekly winners by vote of editors. 


To: Design Ideas Editor 
EDN 
Cahners Publishing Co 
275 Washington St, Newton, MA 02158 


| hereby submit my entry for 
EDN’s Design Ideas program. 


Name 


Title Phone 


Company 


Division (if any) 


Street 


City state. Zip 


Design Title 


Home Address 


Social Security No 


Entry blank must accompany all entries. Design 
entered must be submitted exclusively to EDN, 
must be original with author(s), must not have been 
previously published (limited-distribution house 
Organs excepted), and must have been constructed 
and tested. 

Exclusive publishing rights remain with Cahners 
Publishing Co unless entry is returned to author or 
editor gives written permission for publication else- 
where. 

In submitting my entry, | agree to abide by the 
rules of the Design Ideas Program. 


Signed 


Date 


Your vote determines this issue’s winner. All designs 
published win $75 cash. All issue winners receive an 
additional $100 and become eligible for the annual 
$1500 Grand Prize. 

Vote now, by circling the appropriate number on 
the reader inquiry card. 

Submit your own design, too. Mail entries to De- 
sign Ideas Editor, EDN, 275 Washington St, Newton, 
MA 02158. 


Serial port provides 
interrupt for 8051 wC 


Larry Svelund 
IBM Corp, San Jose, CA 


If your 8051-microcontroller system needs another in- 
terrupt in addition to those provided by the uC, you can 
obtain a general-purpose software-generated interrupt 
through the 8051’s serial port. 

First, use the MOV IP instruction during initializa- 
tion to set the desired interrupt priorities. The pro- 
gram can then initiate the serial-port interrupt by 
executing a SETB REN instruction, which enables 
serial-port reception and causes data on the RXD input 
(port 3.0) to clock into the serial port. This data is 
ignored, so you can use port 3.0 as a normal input port 
elsewhere in the program. (The SETB REN instruc- 
tion also routes the shift clock to the TXD terminal 
(port 3.1); this data isn’t used either.) 

Eight machine cycles (a nominal 12 wsec) after the 
SETB REN instruction, the interrupt vector enters 
the »C through the serial port. You supply a jump 
instruction at location 0023yrx that directs program 
execution to the desired interrupt routine. And, you 
include in the routine the instruction MOV SCON ; 
#000nEx, which configures the serial port for mode 0 
(the power-on mode), clears the receive-port interrupt 
flag, and disables the reception of serial data. The 
interrupt routine’s last instruction is RETI (return 
from interrupt), which exits the routine and allows 
normal program execution to continue. EDN 
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WallFe(nlt SWINE SIZIEIRS 


\.PTS 500, PTS 250, 
PTS 160, PTS 120 
and PTS 040 

0.1-500 MHz 
fast switching 
low noise 


A pulse containing 
40 MHz, at a level 


quency output of a 


‘Filtered Comb (A s 
20 140 MHz at a level 


20 


1 MHz External Drive 


esolution 
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PROGRAMMED TEST SOURCES, INC. 9 Beaver Brook Rd., PO. Box 617, Littleton, MA 01460 — (617) 486-3008 . 


Elfab’s press fit VME backplane: 
Optimum flexibility of a standard design. 


100% electrically tested 
to assure reliability. 


On board termination 
between connectors 
for maximum use 
of board space. 


Wire wrap tails 
allow for optional 
rear plug up shroud. 


Jumpering from 
both front or rear 
of backplane 


for easy access. J1 Backplane uses 


6 layer multilayer board, 
and J2 Backplane uses 
3 layer multilayer board 
for better overall 
performance. 


Boards can be mounted 
side by side, maintaining 
.800 centerlines for 
system expansion. 


Standard power I.O. 


Of all the companies selling VME backplanes, very few 
actually manufacture them. Elfab Corporation’s VMEbus 
system is designed and made totally in-house. Being a 
major manufacturer of press fit backplanes and connectors, 
that is what we do best. 

Elfab VMEbus backplane offers a unique hole pattern 
designed to allow for your choice of power 
connectors. This flexibility has not been 
previously available in standard systems. 
What's even more convenient, is the fact 
that our standard 5, 9, and 21 slot 
configurations are available directly from 


é'XELFAB 
=== lew INTERCONNECTION 
——< yA INNOVATORS 


Universal hole 
pattern provides 
flexibility of 
power options. 


Optional power 
1.0. types. 


distributor stock at competitive prices. The 12 and 20 slot 
sizes are soon to follow. If these sizes do not fit your 
particular application, we can build custom orders to your 
specifications. Whatever your requirements, you can count 
on Elfab for quality backpanel interconnections. 
For more information and a free brochure contact: Elfab 
Corporation * 1097 Yates « Lewisville, Texas 
75067 * (214) 221-8776 or call toll free 
1-800-527-0753. In Europe: Elfab Europe, 
B.V. * Raheen Industrial Estate + Limerick, 
lreland + (061) 27600 « Telex: 70150 


Distributors stocking Elfab products: 


Time HF 


E-LUe eC Fe ones 
an ae COMBI 


HeILinp ELECTRONICS, INC. 


Distributors of Electronic Hardware and Components 
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Simplicity Wins. We could have created a multi-pass color elec- 
trostatic plotter, just like everyone else. But we knew better. Our talented 
engineers used the K.1.S.S. method—and designed a color electrostatic 
plotter which lays all four colors down in one smooth single pass. @ m@ | & ee 
paper and toner baths. Benson’s unique tech- 
nology avoids all this. There’s only one motor— 
can see your completed E-sized plot in as little as four minutes. (Total throughput time! ) 

Benson’s advanced single-pass technology, and 
copy of the report entitled 
“Achieving an 80% Reduc- 


Now you don't need to contend with the 
drawbacks of multi-pass technology: plotter ) 
wear-and-tear caused by too many mechanical | 
parts, and the endless back-and-forth jerking of ee 
the one that drives the paper over the heads in 
a straightforward single pass. Everything else is 
state-of-the-art electronic. 
Speed Counts. In benchmark tests of a VLSI circuit 
plot, Benson’s single-pass color electrostatic plotter pro- 
duced five plots in the time it took the leading multi-pass 7 
plotter to produce just one plot. And, Benson’s plotter actually has its own internal, real-time controller. So you 
reputation for producing the most reliable 2 
plotters, makes this the best color elec- — 
trostatic plotter you can buy. (GG 
Call Benson today for your free 
tion in Plotting Time 
Through Advanced “4 — = 
Color Plotting , y «97 —— 
Technology.” —————————— 


This plotter has a mini- 
mum of moving parts. 
Here’s the only motor— 
and all it has to do is move = og : 
the paper past the heads— eee | —_ 
once. Much more elegant - . : ey 
than the complicated multi- 
pass “kludge”approach! 


With Benson’s standard 
100Mbyte built-in disk, gener- 
ating up to 99 copies of a plot is 
a snap. 


Benson’s built-in controller ac- 
tually rasterizes “on the fly’— 
while the plotter plots! It frees your 
host computer, and gives you a complete, 
E-sized plot in as little as four minutes. 


Now you can kiss multi-pass technology, and all its 
reliability problems, good-bye. The future belongs to 
single-pass technology, and it’s available at Benson today. 


Benson, Inc. IN EUROPE: 
385 Ravendale Drive 1, rue Jean Lemoine 
P.O. Box 7169 Z.1. Petites haies 


Mt. View, CA 94039-7169 94003 Creteil CEDEX FRANCE 
Telephone: 415-964-7900 Telephone: (33-1) 48.98.92.05 
Telex: 4941178 BENUW Telex: 210845F ee, 


Schlumberger 
© 1986 Benson, Inc. 
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NHS) | 


BOARD AUTOROUTER 


® Can set nearly 30 cost factors in 
routing algorithms 
© Features artificial intelligence 


Insight is an expert system for pc- 
board autorouting. To use the auto- 
router, you need only supply the 
physical specs of your routing prob- 
lem, such as board dimensions, min- 
imum spacing permitted between 
lines, and number of signal layers. 
The package sets nearly 30 cost 
factors in its maze, line-probe, and 
channel-routing algorithms. For ex- 
ample, the router automatically af- 
fixes factors such as grid size, which 
can be as small as 1 mil; via grid, 
which reserves grid locations for 
the placement of vias; and a function 
that leaves routing channels open so 
that room is available for engineer- 
ing change orders (ECOs). Stan- 
dard features include automatic 45° 
routing, fine-line routing, variable 


328 


ITs 


ee 
fossa 


grid sizes, and as many as 14 signal 
layers. The software is part of the 
company’s EDA-3000 pc-board-de- 
sign application software; it runs on 
the EDA-700 design workstation. 
EDA-38000, $17,500. 

Telesis Systems Corp, 2 Omni 
Way, Chelmsford, MA 01824. Phone 
(617) 256-2300. TLX 948143. 
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BEHAVIORAL MODELS 


© Software models of MC'68000 
MACTOPYOCESSOrs 

@ Include symbolic debugging for 
hardware 


Smartmodels are behavioral models 
for Motorola’s 68000-family Ps. 
Each model contains the company’s 
Symbolic Hardware Debugging 
program, which pinpoints design 
errors that occur in the course of a 


logic simulation. The debugger de- 


tects timing and usage errors; error 


messages identify the exact location 
(IC type, instance, sheet number, 
and pin name), time, and type of 
error. Both bus-functional and full- 
functional models are available. The 
bus-functional model executes all of 
a processor’s bus cycles, with cor- 
rect timing, under the control of a 
processor-control file. The bus-func- 
tional model doesn’t execute a pro- 
cessor’s internal instructions and 
register transfers, however, so it 
decreases simulation times. The 
complementary full-functional 
model can execute the system’s soft- 
ware, allowing software debugging 
as well as debugging of peripheral 
circuits. The software runs on Men- 
tor and Daisy workstations. Bus- 
functional models, $1500 to $1800; 
full-functional versions, $4900 to 
$6900. 

Logic Automation Inc, Box 310, 
Beaverton, OR 97006. Phone (506) 
690-6900. 
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FAILURE ANALYSIS 


© Analyzes operating conditions of 
all circuit elements 
® Models analog circuits 


The Smoke Alarm module evaluates 
the operating conditions of all ele- 
ments in an analog circuit and issues 
a warning if the operating condi- 
tions exceed the specs of any compo- 
nent. The package includes passive 
components, semiconductor de- 
vices, and power supplies in its anal- 
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Maybe someday, The Analog Workbench 


all CAE systems 
will do this. 


Smoke Alarm 
—elimination 
of problems 
caused by 
overstressed 
circults. 


Statistical 
Analysis— 
accurate 
predictions of 
manufacturing 
yield. 


Power Design 
—total element 
simulation for the 
power-electronics 
designer. 
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does NOW. 


The Analog Workbench" the CAE system 
conceived exclusively for analog circult design— 
by analog designers—now has three new, inter- 
active, integrated analog design tools that make 
it possible for you to determine safe operating 
conditions and improve circuit reliability and man- 
ufacturing yield before you build any hardware, 
and to design analog power electronics—all with 
the speed and precision of CAE. All three moa- 
ules are unique to the Analog Workbench, all 
three were created exclusively for the analog 
designer, and you already know how to use them. 


Determine safe operating conditions. 
Our Smoke Alarm™ module allows you to deter- 
mine safe operating conditions for your design— 
effectively eliminating problems caused by over- 
stressed circuits. It identifies marginal conditions 
based on peak (or average) power dissipation, 
voltage, current, and junction temperature. Sec- 
ondary breakdown effects for semiconductor 
devices and temperature effects of all compo- 
nents are used in the analyses. 


Predict manufacturing yield. Our Statistical 
Analysis Module simulates the effects of compo- 
nent parameter tolerances on the performance 
of the circuit being designed. This makes It pos- 
sible to predict a circuit’s manufacturing yield 
and directly reduce production costs. With this 
module you eliminate costly, time-consuming 
changes at the prototype and production stages. 


Design power electronics. Our Power 
Design Module simulates the elements of a 
power system. It includes an advanced nonlinear 
magnetics model with hysteresis and core satu- 
ration effects, a library of core elements created 
specifically for the magnetics model, and a library 
of power devices, including semiconductor and 
controller IC models for switching-mode power 
Supply design. 


Now, more than ever, the Analog Workbench 
has the tools you need to create quality circuit 
designs—the first time. And they're the tools you 
already know how to use—Analog Design Tools™ 


Contact us today for our 
new full-color brochure—and 
ask about our product-dem- 
onstration video tape. Analog 
Design Tools, Inc., 66 Willow 
Place, Menlo Park, California 
94025 (415) 328-0780. 


Analog Design Tools, Analog Workbench and 
Smoke Alarm are trademarks of Analog Design Tools, Inc. 
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Rugged reliability 


in high voltage, DC power supplies... 
the Glassman PG series 


Char 
PRBS W658 es 7 AGE. wie. 


Air insulated, lightweight and compact, the PG series is the fore- 
front of high voltage power supply technology. Its off-the-line 
switching design provides high efficiency and high reliability. The 
PG series is tightly regulated — better than +0.005% line and 
load... standard models range from 0-5KV @ 100 mA to 0-300KV 
@ mA, positive, negative, or reversible polarity. 


Just look at some of our standard features: 


e constant voltage/constant current operation 

e remote and front panel monitoring and programming of both 
DC output voltage and current 

low stored energy for maximum personnel/equipment safety 
low ripple — better than 0.1% of rated voltage at full load 


Innovations in high voltage power supply technology. 


GLASSMAN HIGH VOLTAGE INC. 


Route #22 (East), Salem Park, PO. Box 551, Whitehouse Station, N.J. 08889 
(201) 534-9007 * TWX 710-480-2839 
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° Single or double end shaf t 


Wosnch eee ie oF 
have it for you. Canon’s new HN52 Series available 
are powerful, smooth running, low cogging 
nine-bar armature, available with single or Canon’ 
double ended shaft. This series is designed 


DC motors featuring ball bearings and a 
to power your computer peripheral, business § Canon U.S.A., Inc. 


machine, medical device, X-Y table, pump, Components Division | 

or for use wherever you need high power, One Canon Plaza 

smooth operation and low electrical and Lake Success, NY 11042 
mechanical noise. Models with rated Tel: (516) 488-6700 / Telex: 96 -1333 
voltages from 19.1 to 40 volts, or with Cable: CANON USA LAKS 

other special modifications, available in FAX 516-488-6522 


OEM quantities. Also available with encoder. 


All values are nominal. 


Rated No Load 


Motor Terminal 


Number none aca eee ares Peel gris oe ee oo 
aca eee Peel - 


a 1000 | 2300 ae 6000 | 2800 ee 3.7 
24 1500 | 2300 | 1900 |} 9000 ; 2800 | 130 6 2.1 
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g-cm 


Model 


330 


COMPUTER-AIDED 
ENGINEERING 


ysis. It can analyze circuits having 
as many as 600 analog components. 
The software lists peak (or average) 
power dissipation, voltage, current, 
and junction temperature for each 
circuit element. The analysis takes 
into account component-tempera- 
ture effects, secondary breakdown 
effects, and ambient temperature. 
If a component is operating outside 
its safe range, the package produces 
a warning message and places a 
smoke icon beside the component in 
the schematic on the screen. The 
software provides an interface for 
all versions of the company’s Analog 
Workbench package. The package 
runs on Sun, Apollo, Hewlett-Pack- 
ard, and IBM PC/AT workstations. 
Sun, Apollo, and HP versions, 
$10,000; PC/AT version, $6000. 
Analog Design Tools, 66 Willow 
Pl, Menlo Park, CA 94025. Phone 
(415) 328-0780. 
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PERSONAL CAE 


® Integrates a logic simulator and 
a circuit simulator 

®@ Runs on an IBM PC/XT or 
PC/IAT with a 512k-byte RAM 


This simulation package integrates 
the PLogic logic simulator and 
MicroSim’s PSpice circuit simula- 
tor. The package also includes the 
graphics postprocessors LogicView 
and SpiceView, which create color 
and monochrome displays. The sim- 
ulators include the TTL/CMOS/An- 
alog Libraries package, which con- 
tains models of 7400 and 4000 series 
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logic as well as op-amp, comparator, 
transistor, and diode families. 
PLogic is a switch-, gate-, and func- 
tional-level logic and timing simula- 
tor. Logical elements include CMOS 
n- and p-channel devices, weak and 
strong gates, 3-state elements, 
ROMs, RAMs, PLDs, multiplexers, 
counters, and flip-flops. The pack- 
age’s interactive capabilities feature 
incremental compilation, save-and- 
restart, and transparent MS-DOS 
calls. The package runs on IBM 
PC/XTs or PC/ATs that contain 
512k bytes of RAM, an 8087 or 
80287 math coprocessor, and an 
IBM CGA or EGA or a Hercules 
monochrome graphics card. $1400. 
E/Z CAD Ine, 5589 Starcrest Dr, 
San Jose, CA 95123. Phone (415) 

582-2009. 
Circle No 354 


PC-BOARD CAD 


@ Includes off-line router 
@ Combines schematic capture and 
pc-board layout 


The Board Series consists of three 
pe-board CAD packages: Board De- 
signer, Board Editor Plus, and 
Board Expeditor. The Board De- 
signer provides schematic capture, 
a library of board geometries, pack- 
aging- and pin-assignment routines, 
automatic placement and routing, 
and interactive editing. The design 
package has a local rip-up and retry 
router; the package generates out- 
put for photoplotters and N/C drills. 
Net-list import or export, back an- 
notation, and component libraries 
are also included. The Designer can 
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be a stand-alone system or a central 
resource for several Editor Plus 
nodes. The Editor Plus package 
provides the same design and layout 
capabilities as the Designer, except 
for routing and CAM. The Board 
E;xpeditor is an off-line automatic 
router node that provides back- 
ground functions and CAM. By 
using the off-line router, you can 
free the other members of the 
Board Series for interactive work. 
You can integrate any of the pc- 
board layout packages with the 
company’s Logic Series CAE/CAT 
tools. All packages run on Apollo 
workstations. Board Designer, 
$50,000; Board Editor Plus, 
$40,000; Board Expeditor, $75,000. 
Calma Co, 501 Sycamore Dr, Mil- 
pitas, CA 95035. Phone (408) 434- 

4000. TWX 3720067. 
Circle No 355 


HARDWARE MODELER 


© Maximum pattern rate specs 
16.7 MHz 

@ For devices with as many as 
2400 pins 


The Datasource hardware modeler 
lets you plug actual devices into 
board- and system-level simula- 
tions. The system provides an inter- 
face to the company’s Lasar 6 logic 
and fault simulator. The hardware 
modeling system provides a maxi- 
mum of 2400 pins, which can accom- 
modate one or more devices. The 
system handles static and dynamic 
devices, including TTL, ECL, and 
CMOS parts. It can drive as many 
as 160 device inputs simultaneously 
at the maximum pattern rate of 16.7 
MHz. A dynamic memory-allocation 
scheme assigns the modeler’s 60M- 
bit system memory as needed. The 
package can deliver 256,000 simula- 
tion vectors to a device pin. Using a 
LAN, a VAX computer or the com- 
pany’s Dataserver simulation server 
can control the hardware modeler. 
To use the hardware modeler, you 
must supply a timing model of each 
device. Optional timing models of 


GET THE 
ANALOG 
WORK- 
BENCH, 


Now, get the most advanced 
analog CAE workstation on your 
IBM® PC AT. FutureNet®’s new 
DASH™-Analog Workbench lets 
you optimize your design and 
Improve circuit reliability before 
you commit to hardware. Use this 
complete analog tool set to reduce 
weeks of work to just a few hours. 


First, capture your circuit with 
speed and ease using DASH 
Schematic Designer. Then, simulate 
it with DASH-Analog Workbench 
using familiar interfaces like the 
test instruments you're used to — an 
oscilloscope, a frequency sweeper, 
a function generator and a network 
analyzer. Now you can breadboard 
your analog circuit in software 
before you build a hard prototype. 


The system uses a 10 MHz, 32-bit 
co-processor for computational 
speeds that rival a mainframe. Yet, 
with simple menus to guide you, 
it's easy to use. 


Call FutureNet today at 
1-818-700-0691 and get a powerful 
analog CAE system on your PC AT 
workstation. 


® IBM is a registered trademark of International 
Business Machines Corporation. 

TMAnalog Workbench is a trademark of Analog Design 
Tools, Inc. 


FutureNet 


A Data |/O Company 
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POWER. FOR PEOPLE WHO KNOW 
x HOW TO USE IT. 


: Introducing the HK68/V20 
Cid 68020 VME processor. 


- Features include the 68020 
mxorer tf =MPU, | to 4 MegaBytes of on- 
| board DRAM, 68851 PMMU, 
meee =—s_: 0888 | Floating Point Coprocessor, 
wea = one serial port and MVMX/32. 
is UNIX™ and VRTX® supported. Com- 
patible with other members of the 
HK68/V™ Family of Heurikon VME 
processors. And technical support 
you've come to depend on. 
Call 1-800-356-9602, Ext. 395 for 
more information. Heurikon Corporation, 
3201 Latham Drive, Madison, WI 53713. 


UNIX is a trademark of AT&T Bell Laboratories, Inc. 
VRTX is a registered trademark of Hunter & Ready 
HK68/V is a trademark of Heurikon Corporation. 
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The Bus/Board Users Conference & Show 


BUSCON/86 - EAST 
Oct. 1 & 2, 1986 


Northeast Trade Center »- Route 128, Woburn, Mass. 


DISCOVER: 


O Which vendors are winning the battle 

O What products are available 

O New ways to solve your technical needs 

O How to keep you and your company up 
to date in this rapidly changing field 

O All about new—and special—Bus 
architectures 


SEE: Hands-on exhibits with new 
Bus/Board products 


LEARN: Through tutorial seminars 
and technical sessions on emerging 
Bus technologies and features, plus 
new applications ideas for your 
current projects 

For more information, write Bill Weber 


BUSCON, 17100 Norwalk Bivd., Suite 116, Cerritos, CA 90701-2750 
or call Bill at (213) 402-1610 
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approximately fifty 16- and 32-bit 
microprocessors and their support 
chips are available. $40,000 to 
$120,000, depending on pin capaci- 
ty; timing models, $2000 each. 
Teradyne Inc, 321 Harrison Ave, 
Boston, MA 02118. Phone (617) 482- 
2700. TWX 710-321-1055. 
Circle No 356 


SCHEMATIC EDITOR 


@ Runs on Apple Macintosh 
@ Features component library with 
editor 


Using McCad Schematics, you can 
capture and edit schematic draw- 
ings. The program contains a com- 
ponent library, which you can edit 
via the device editor. The package 
automatically compiles and stores a 
net list of point-to-point contacts. 
You can transfer the net list to the 
company’s pce-board layout package. 
McCAD Schematics also creates a 
parts list as it designs a circuit. An 
automatic router interconnects 
schematic elements. The package 
uses the Apple Macintosh menu for- 
mat; it runs on any Macintosh com- 
puter that has 512k bytes of memo- 
ry. The program lets you generate 
drawings for Houston DMP, 
Hewlett-Packard, and Roland (Los 
Angeles, CA) DXY pen plotters. 
$595. 
Vamp Inc, Box 411, Los Angeles, 
CA 90028. Phone (213) 466-5533. 
Circle No 357 


COLOR GRAPHICS 


®@ Compatible with IBM’s 5080 
Model 2 and RT PC 
@ 8-nsec/pixel generation rate 


The DS 1082GX color-graphics 
workstation is compatible with both 
the IBM 5080 Model 2 and the IBM 
RT PC. It generates 1 pixel/8 nsec 
for horizontal vectors and _ filled 
polygons. Upgrades of DS 1080 ter- 
minals to the 1082GX are available. 
The 256-color graphics system in- 
corporates duplicate geometry de- 
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tection, 3270 emulation (with win- 
dows), a palette of 16.8 million 
colors, and communications options. 
It also provides 4M bytes of display- 
list memory. The workstation sup- 
ports all IBM 5080 Model 2 func- 
tions, such as the programmable 
hardware cursor. The basic configu- 
ration, comprising a graphics con- 
troller, 19-in. color monitor, and 
keyboard, costs $16,500. 
Spectragraphics Corp, 10260 
Sorrento Valley Rd, San Diego, CA 
92121. Phone (619) 450-0611. 
Circle No 358 


TRANSISTOR MODELER 


® Contains subthreshold MOS tran- 
sistor model 

® Characterizes transistors at fre- 
quencies as great as 10 GHz 


The Utmost package for transistor 
characterization and parameter ex- 
traction now contains BSIM (Berke- 
ley Short-channel IGFET Model). 
BSIM models submicron, subthresh- 
old MOS transistors. To model 
these MOSFETs, and to eliminate 
geometry dependence, you must 
specify 54 device parameters. The 
modeling package provides these 
parameters by extracting them, 
measuring them, and fitting them to 
curves. In addition to short-channel 
MOSFETs, the package can charac- 
terize bipolar and other MOS de- 
vices at frequencies of 0 to 10 GHz. 
It runs on the HP 9000 Series 200 
and 300, IBM PC/AT, Apollo, and 
MicroVAX workstations. $15,000 to 
$45,000. 

Silvaco Data Systems, 2328 
Walsh Ave, m/s J, Santa Clara, CA 
95051. Phone (408) 988-2862. 
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GET 


ANALOG 
AND 
DIGITAL 
CAE, 


FutureNet® has added the power 
of DASH™-Analog Workbench to 
its PC-based CAE workstation. With 
one set of compatible tools, you can 
now design, simulate and lay out 
any digital or analog circuit. 


Creating schematics for both analog 
and digital design is fast and easy 
with DASH Schematic Designer. 
Use DASH-Analog Workbench to 
breadboard your analog design in 
software before you build a hard 
prototype, saving you weeks of 
work. For digital designs, DASH- 
CADAT Plus speeds circuit develop- 
ment and helps you build in test- 
ability with logic simulation, timing 
analysis and fault simulation. 
Finish with expert printed circuit 
board layout using DASH-PCB. 


Call FutureNet today at 
1-818-700-0691 , and we'll show you 
how to get a high-performance 
digital and analog CAE workstation. 


® IBM is a registered trademark of International 
Business Machines Corporation. 
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FUutureNet 


A Data |/O Company 


Switching Power Sunctias 


DC models, these “Mil- 
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PCB Switches 
from JAE Electronics... 


The choice is yours! 


Select the switch for your PCB applications from three different versions 
available from JAE Electronics—all with gold plated wiping contacts: 

@ Machine insertable DIP Switches. 51D Series—Reliably sealed for automatic 
soldering and cleaning, and tru/y machine insertable with standard IC 
handling equipment. 

@ Binary Coded Rotary DIP Switches. 41/42J Series—Bit designated terminals 
are shorted automatically for each setting. Switches have reliable seal for 
automatic soldering and cleaning. 

@® PCB mounted thumbwheel switches. 22J Series—Larger size allows for 
thumb as well as screwdriver actuation. All mounting orientations and 
bases are sealed for automatic soldering. 

Choose the switch that meets your needs. And look to JAE Electronics for 
all of your requirements—lighted pushbutton switches, miniature 
pushbutton switches, keylock switches, flat panel 
keyboards, connectors and more. 

For prices, samples and literature, contact JAE 
Electronics today. 1901A E. Carnegie Ave., Santa Ana, 
CA 92705 ¢ (714) 250-8770 ¢ Telex 681- 438 (JAE US) 
(800) JAE-PART (523-7278) Toll free except in 
California and Alaska 


JAE 


a 
JAE Electronics, Inc. 
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Technipower 
““Mil-Qual” Triple Output 


: fost) Available in AC/ 


_ Send for details. 
We Do The Job Right! 


TECHNIPOWER 


A Penril 


COMPANY 


Phones: (203) 748-7001: 
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on plus p 
ranges from 20 to 300W. 5 year warranty. 


P.O. Box 222, Commerce Park, Danbury, Conn. 06810 
In Calif. (805) 493-2244 


COMPUTER-AIDED 
ENGINEERING 


Select a componant.... 


PLD DESIGN 


@ Includes a PLD design language 
@ Lets you enter schematics 


PC-CUPL comprises this company’s 
CUPL PLD design language, a 
symbol library, and NX-CUPL, 
which links CUPL to the company’s 
PC-Caps schematic editor. The 
schematic editor lets you define 
PLD logic using a mouse and the 
symbol library. CUPL can program 
all PLDs and can create fuse maps 
for all PLD programmers. PC- 
CUPL, $1895; NX-CUPL, $900; 
PC-Caps and NX-CUPL, $5850; 
PLD 1 (PC-Caps and PC-CUPL), 
$6495. 

Personal CAD Systems Ince, 1290 
Parkmoor Ave, San Jose, CA 95126. 
Phone (800) 528-5207; in CA, (800) 
628-8748 or (408) 971-1800. TLX 
3717199. 
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CAE ACCELERATOR 


® Accelerates drawing compilation 
and circuit simulation 
® Offers 10-MIPS operating rate 


The CDX-760 is a general-purpose 
computer that uses the MIPS Com- 
puter Systems (Sunnyvale, GA) 
R2000 Series chip set. The comput- 
er is an 8M-byte single-card acceler- 
ator. It uses RISC technology and 
specs an operating rate of 10 MIPS. 
You can use the accelerator for 
Spice calculations and database 
compilations. An optimizing compil- 
er translates high-level language in- 
structions into machine code that’s 
suited to RISC-based architecture. 
The compiler boosts program-exe- 
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cution rates by consolidating redun- 
dant expressions and by moving 
data to on-chip registers, where it’s 
more easily accessible. Debugging 
utilities and a C compiler will be 
available (in the fourth quarter) as 
options. The 760 has a built-in inter- 
processor communications port, 
which enables parallel-processing 
computers to share a chassis with 
the company’s CDX-77000 simula- 
tor, CDX-7900 hardware modeler, 
CDX-79000 analysis system, and 
CDX-7100 and -7200 database serv- 
ers. The communication link gives 
you local access to physical modeling 
and database sharing, as well as 
local acceleration of compilation, 
logic simulation, and Spice. You can 
thus move from schematic design 
through compilation and simulation 
without encountering network traf- 
fic or competing for remote re- 
sources. With 8M bytes, $29,900; 
database compilation, $5000; Unix 
operating system with C compiler 
and debugging utilities, $120,000. 
Cadnetix Corp, 5757 Central 
Ave, Boulder, CO 80301. Phone 
(803) 444-8075. 
Circle No 361 


IBM PC-BASED CAE 


@ Provides on-line electrical-rule 
checking 

@ Includes the Cadat logic 
simulator 


Visula CAE software runs on IBM 
PC/ATs and compatible computers. 
The package provides net lists for 
the company’s pc-board-layout pro- 
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gram. The package features on-line 
electrical-rule checking, connectivi- 
ty checks, engineering-report gen- 
eration, and a logic simulator. The 
logic simulator is HHB Systems’ 
Cadat. Informix, the relational da- 
tabase from Relational Database 
Systems (Palo Alto, CA), facilitates 
database management; it ensures 
that the same data is used at every 


Dont sacrifice 
quality for 
price. The V90 
Series modular 
optical encoder provides 
lasting performance, and 
its low priced. Easy to 
install on motor shafts, 
these Honeywell units 
include a high stability 
polycarbonate photohead 
complete with a 
custom square- 
wave output 
comparator 
chip. With its 
resolution from 
200-1200 ppr, its 
many uses include— 


SINGLE EVALUATION UNIT 
AT $19.95 TO QUALIFIED 
0.E.M. CUSTOMERS 


CONTACT THE FACTORY 
FOR DETAILS OF OFFER!! 


ar Mg) 


Great Quality 
Greater Economy 


stage of the design process. You can 
buy the package either as software 
or as a turnkey system. A 32-bit 
coprocessor board from Opus Sys- 
tems (Los Altos, CA) is required. 
Software, from $10,000. 
Racal-Redac Inc, Lyberty Way, 
Westford, MA 01886. Phone (617) 
692-4900. 
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streamer tape 
drive, velocity 
feed back, dot 

matrix print-head 
position, x-y positioning 
tables, plotter pen position 
drives. If size is a problem, 
try Honeywells 1.5” V70 
Series. Both are available 
immediately in low priced 
OEM quantities. Call 
today! 


V90 Series 


Disclastruments. Honeywelisussipiary 


102 East Baker Street, Costa Mesa, CA 92626 
714-979-5300 * TWX (910) 595-1987 DISC CSMA 
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NEW PRODUCTS 


COMPUTERS & PERIPHERALS 


COLOR PRINTER 


@ Prints 300-cps, 80-column dot- 
matrix copy 
® Converts from B&W to color 


The MP-1800 is a 300-ceps 80-column 
dot-matrix printer that you can con- 
vert from a black-ink printing to 
7-color printing. The conversion re- 
quires an optional color-printing kit, 
which snaps into the printer, so 
there’s no need for special tools. The 
kit is compatible with Epson JX-80 
color software. The MP-1800 specs a 


HIGH-SPEED MODEM 


© Transmits error-free data at 1000 
cps 

® Communicates with Bell 212A 
and 103/113 units 


Capable of transmitting error-free 
data at 1000 cps, the Race-AF 
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noise level of less than 59 dB and 
comes with 185 software-generated 
character sets and eight interna- 
tional fonts. You can also download 
your own character sets to the 
printer’s 10k-byte buffer. The print- 
er has graphics capabilities and 
spaces characters proportionally. 
$799; color printing kit, $155; a 136- 
column version, $900. 

Seikosha Co, 10080 N Wolfe Rd, 
Suite SW3/249, Cupertino, CA 
95014. Phone (408) 446-5820. 
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modem also lets you communicate 
with slower Bell 212A or 103/113 
modems.- To obtain the fast commu- 
nication speeds, both the receiving 
and the transmitting modems must 
use the same data-compression and 
-flow techniques. This full-duplex 
modem offers an IBM PC/AT-com- 
patible dial-up command set for 
computer-controlled operation. The 
modem is available as the Race-AF 
I, a single-channel full-duplex 
modem, or as the Race-AF II, 
which adds a second independent 
printer channel. This channel is sta- 
tistically multiplexed with the pri- 
mary keyboard/screen channel to 


give you simultaneous control over a’ 
remote terminal and a printer via 
one dial-up connection. You can 
order the unit in a standard low- 
profile modem case, or you can spec- 
ify a small-footprint, vertical enclo- 
sure that the company calls a tower 
package. Race-AF I, $1645; Race- 
AF IIT, $1845. 

Data Race Inc, 5839 Sebastian 
Pl, San Antonio, TX 78249. Phone 
(512) 692-3909. TLX 517659. 
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32-BIT PC 


© [BM PC-compatible desktop 
computer 

® Has 8088 CPU and 32081 float- 
ing-point accelerator 


Offering 32-bit power in an IBM 
PC-compatible desktop unit, the 
MC-32 uses a 10-MHz 32032 coproc- 
essor to produce an architecture 
similar to that found in VAX super- 
minicomputers. The unit also comes 
with an 8088 CPU and a 32081 float- 
ing-point accelerator. It runs 
PC-DOS and MS-DOS software and 
offers Unix System V Rel 5.2 as an 
optional operating system. Other 
options include C, Pascal, and For- 
tran development tools, Virtual 
MS-DOS, a 32082 MMU, scientific 
subroutine libraries, and multiuser/ 
multitasking support. A standard 
configuration with a parallel port, 
three serial ports, one 360k-byte 
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For the first time you can CENTIGRID style can. And make 
drive an electromechanical relay no mistakes...it is a Centigrid 
directly with the signals of most relay granted QPL approval to 
logic families—including CMOS. MIL-R-28776/6 and /7 Its rug- 


That means simpler board layout — gedness and proven contact 


problems and reduced compo- reliability are industry bywords. 
nents counts for greater reliability. Ultraminiature Centigrid 
The new Centigrid relay relays have proven extremely 


incorporates a power FET driver __ effective in applications where 
in the input to amplify the signal, high board density and close 


RE characteristics up through 
UHE 

The new Centigrid is avail- 
able in both general purpose 
(116C) and sensitive (136C) ver- 
sions. Call or write today for 
complete information or applica- 
tions ideas. 


protects it with a large Zener board spacing are paar ea 

diode, and packs it all together power requirements make them 

with a DPDT relay and coil exceptionally valuable for battery s™ TELEDYNE RELAYS 
suppression diode in a tiny operation, and they have excellent Innovations In Switching Technology 


12525 Daphne Ave., Hawthorne, California 90250 * (213) 777-0077 
European Hatrs: Abraham Lincoln Strasse 38-42, 6200 Wiesbaden, W. Germany ° 06121-768 
Belgium Sales Office: 181 Chaussee de la Hulpe, 1170 Brussels ¢ (2) 673-99-88 
U.K. Sales Office: Heathrow-House, Bath Rd., Cranford, Hounslow, Middlesex, TW5 9QP 1-897-2501 
Japan Sales Office: Taikoh No. 3 Building, 2-10-7 Shibuya, Shibuya-Ku, Tokyo, 150 Japan ¢ (3) 797-6956 
CIRCLE NO 205 France Sales Office: 85-87 Rue Anatole-France, 92300 Levallois-Perret * 1-7587160 


The perfect companion 
for WordStar*, InfoStar* 
CalcStar*, Basic and all 

your other software 


@ Unique ELECTRONIC POWER 
WAVE output is ideal for all elec- 
tronic equipment 
sefellgte tes _ : _ @ Well regulated 120Vrms/50V peak 
McINTOSH | tina | eset oO provides wide operating range 
andallother [aya oO Met eee while it reduces power waste in 


Mini/Micro [eeu gt). ee equipment 
Computers & “ : @ Waveform generation with the 


: _ = @: Ff _ newly invented HARMONIC 
or Electronic ' a“ : INDUCTOR (Pat. pend.) 
Equipment | iz : ® Heavy filtering of Line Conditioner 
) -. pts. 98 than 1V 


* Trademark of Micropro Int. Corp. 
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Intech has what vision system designers need —low @) 
and high performance. Our family of monolithic vide 
MAGs offer virtually every configuration: single or 
DACs with 4 or 8 bits of resolution, 


i] 


4 ices heat di pation and power 
drain. They are available with 0! 


Call today for. 


2270 MARTIN AVENUE, SA PA CALIFORNIA 95050-2781 
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floppy-disk drive, a 20M-byte hard- 
disk drive, and 1.5M bytes of RAM 
costs $3500. 

Mighty Computers Co, 4529 An- 
geles Crest Hwy, Suite 207, La 
Canada Flintridge, CA 91011. 
Phone (818) 952-8832. 
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34%2-IN. WINCHESTER 


e Offers a 40M-byte storage 
capacity 
@ Access time is 40 msec typ 


Featuring 40M bytes of storage ca- 
pacity, the 3540 drive is a half- 
height, 3%4-in. hard-disk drive that 
weighs 2 lbs and consumes 12W. Its 
average access time is 40 msec, and 
the track-to-track access time is 9 
msec. The drive is compatible with 
ST-506 and ST-412 interface stand- 
ards. The. unit © measures 
1.6X4x5.75 in. and has an MTBF of 
20,000 hours and a MTTR of 20 
minutes. The recording density is 
13,171 bpi, and the track density is 
1019 tpi. $1000. 

C Itoh Electronics Inc, 5301 
Beethoven St, Los Angeles, CA 
90066. Phone (2138) 306-6700. 
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DIGITIZER TABLET 


@ Offers an 8.8X11.8-in. work area 
@ High resistance to electrical or 
magnetic interference 


The Grafnet Model 01 digitizer tab- 
let has an 8.3X11.8-in. active area 
and comes with a stylus pen and a 
12V wall plug. The manufacturer 
electrostatically couples the pen 
with a grid in the tablet to effect 
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transfer of X-Y coordinates. This 
technique renders the tablet highly 
resistant to electrical or magnetic 
interference. Furthermore, you 
don’t risk data loss or error due to 
external magnetic fields; placing a 
floppy disk or reel of magnetic tape 
on the panel will have no effect on 
the medium either. For accurate 
drawing, tracing, and pointing, you 


IS ONLY 


Make your own comparison, nothing comes close to the 
powerful ways OrCAD/SDT can increase your productivity. 
We even include utilities that convert OrCAD's EDIF Net 
List directly into other vendor formats! 


GET THE 
FACTS STRAIGHT! 


eS et a 

You get more with OrCAD/SDT than any other schematic ie — Aa 
capture program. So why settle for anything less? fi ' ye 
- Runs on IBM PC/XT/AT or compatible, supporting most Oe oo ~ 
——#-| AB 


common graphic boards, printers and plotters 
« Part Rotation & Mirroring 
- Rubberbands wires & buses when objects are moved 
- Supports TRUE A through E size sheets 
« Unlimited Level Hierarchy 
- Step & Repeat, Auto Panning, 5 Zoom Levels 
« Color & Monochrome Graphics 
- Complete Technical Sales & Support Staff 


- Net/Wire List, BOM, Design Check & Library creation 
utilities 


rx 
oa 


*i2 yor 


tee Now is the time to join the growing list of satisfied 
Pe = customers. Why wait to turn your PC into a quality design 
: —_____ tool? For only $495 you will discover that OrCAD/SDT is 
188 pF the most complete and cost effective schematic design 


tool available ... at any price! 


Judge for yourself, Call today to receive your Free Demo 
Disk and brochure. 


All orders are shipped from stock for immediate delivery! 


OrCAD 


Systems Corporation 
1049 S.W. Baseline St. Suite 500 
Hillsboro, OR 97123 
(503) 640-5007 


Rg 
1 BOK RS cs 
28 pF ba uF 


=> + - + 


At OrCAD we don't think you should have to struggle to 
create libraries. That is why we have included over 2000 
UNIQUE parts including Discrete, TTL, CMOS, Micros, 
Analog, ECL, Memories, and Programmable Logic. With 
this many devices, parts are obviously very easy to create. 
Spend your valuable time creating designs instead of 
making new parts! 

Why be forced to spend days reading through pages and 
pages of technical instructions just to figure out how to 
create a schematic? We don't believe you should. Creating 
schematics with OrCAD is quick and straightforward. 
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can replace the stylus with an op- 
tional 4-button cursor device that’s 
similar to a mouse. Another option 
is a 6-ft, 6-wire RS-232C output 
cable. The 3.5-lb digitizer can accept 
as many as 60 points/sec with better 
than 250-lines/in. resolution. $395. 
Mitsubishi International Corp, 
020 Madison Ave, New York, NY 
10022. Phone (212) 605-2607. 
Circle No 367 


LAP COMPUTER 


@ Weighs less than 10 lbs 
@ Based on a 7.16-MHz, 16-bit 
80C86 CPU 


The T1100 Plus weighs less than 10 
lbs and can run programs almost 
twice as fast as IBM’s PC Convert- 
ible. Based on a 7.16-MHz, 16-bit 
80C86 CPU (the Convertible uses a 
4.77-MHz 80C88), the T1100 Plus 
comes with MS-DOS 2.11, an ac 
adapter, two 3.5-in., 720k-byte disk 


We’re all ears. 


Listen. When you choose Ansley® Male Connectors to mate with 
Female Socket Transition Connectors, you can now choose optional 
retainer/ejector ears to ease insertion and withdrawal. They’re ideal 
for in-line cable splice as well as I/0 applications. And you'll also get: 


@ 10-64 positions in 11 contact sizes 


@ A box shape to ensure polarization and protect mating pins 


@ Installation time reduced up to two-thirds 


Make contact: Customer Service, Thomas & Betts Corporation, 
Electronics Group, 920 Route 202, Raritan, NJ 08869, (201) 469-4000: 
or any of our authorized stocking distributors. 
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drives, 256k bytes or 640k bytes of 
RAM, parallel and serial ports, an 
81-key keyboard, and an 80-charac- 
ter x25-line LCD. The unit mea- 
sures 12.1<2.6X12 in.; IBM’s Con- 
vertible is 20% larger and 22% 
heavier. The T1100 Plus runs for 
eight hours on a rechargeable NiCd 
battery. With 256k-byte RAM, 
$1999; with 640k-byte RAM, $2399; 
external 5%-in. floppy-disk drive, 
$499; additional 384k-byte memory 
card, $499; 5-slot I/O expansion bus, 


$999; 300/1200-bps modem card, 
$399. 

Toshiba America Inc, Informa- 
tion Systems Div, 2441 Michelle Dr, 
Tustin, CA 92680. Phone (714) 730- 
5000. 
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PC-IMAGE PROJECTOR 


® Produces electronic transparen- 
cles 
® Includes LCD panel 


By producing electronic transparen- 
cies, System 10 lets you display 
computer-generated text and 
graphics on a standard overhead 
projector. The unit includes an LCD 
panel, an infrared remote-control 
device, and embedded operating 
software. You place the unit’s LCD 
panel directly on the glass platen of 
an overhead projector. An interface 
lets you use the RGB output of any 
IBM-compatible PC for remote con- 


We’re making 


ing/unmatin 


quite a DIN. 


The Ansley® DIN connector series. Standard. Inverse. Half. IDC in- 
terface. Compliant pin. A broad variety of pitch and contact con- 
figurations for diverse board-to-board packaging applications. 

e@ Dual-cantilever female contacts provide smooth, sequential mat- 


g : 
@ Designed to DIN 41612 and IEC-603-2 standards 


@ Choice of performance classes to suit system requirements 


Make contact: Customer Service, Thomas & Betts Corporation, 
Electronics Group, 920 Route 202, Raritan, NJ 08869, (201) 469-4000: 


or any of our authorized stocking distributors. 
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trol of the images on the LCD. The 
system includes software that lets 
you manipulate images during a 
presentation: It lets you employ 
split screens, image reductions, 
highlighting, and image sequencing. 
The portable LCD panel and re- 
mote-control device fit into a brief- 
case. $1300. 

Eastman Kodak Co, 343 State 
St, Rochester, NY 14650. Phone 
(716) 724-4980. 
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40M-BYTE TAPE DRIVE 


@ For IBM PCs and compatibles 
@ %-in. tape storage 


Suitable for use with your IBM PC 
or compatible computer, the TD440 
gives you %4-in. tape storage to back 
up your hard-disk drive. It emulates 
a hard-disk drive and responds to all 
DOS 2.x and 3.x commands. Be- 
cause it’s DOS compatible, you can 
use it for extended data storage of 
large spreadsheets or databases. 
You ean run programs directly from 
tape; no backup utilities are re- 
quired to store data from an applica- 
tion program. However, the drive 
comes with a sector-by-sector back- 
up utility that backs up a full 10M- 
byte hard disk in approximately 10 
min. After backup, you can access 
data on a file-by-file basis using 
DOS commands. You can format 
each tape cartridge into one 32M- 
byte logical drive or two 17.8M-byte 
logical drives. Error-correction 


techniques conform to the QIC-100 
format. $1490. 

Advanced Digital Information 
Corp, Box 2996, Redmond, WA 
98073. Phone (206) 881-8004. TLX 
350830. 
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PROGRAMMABLE OCR 


@ Recognizes 45 cps with 99.9% 
accuracy 

® Can be programmed for standard 
fonts 


The Speed Reader can recognize as 
many as 45 cps with 99.9% accuracy 
in production applications. You can 


RS 232 TO 
CURRENT LOOP 
CONVERTER 


DC to 9600 baud 
20ma/60ma operation 
Teletype compatible 
Full/half duplex 


Model 64—host powered—$80 
Model 65—self powered—$100 


Fully programmable 


teleBvic 
A PUBLIC COMPANY 


Remark Division e Telebyte Technology, Inc. ¢ 270 E. Pulaski Rd. 
Greenlawn, NY 11740 e (516) 423-3232 800-835-3298 
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A very special relay. 
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and 


Analog Switches 
¢ §D210-215 

e §D217/219 

e SD5000-5002 


Switch Drivers (1nSec) 
e §D5100-5101 
e SD5200 


| | 
' 
! 
| 
: Wide-Band (100 MHz) . 
. | 
! | 
| | 
| Amplifiers/Buffers 
Mixers/Oscillators 
ft=1GH | 
| si 
SD205 
SD303 
SD304/306 | 
TZ402-404 

: 

! 

| 


Topaz Semiconductor also 

manufactures N and P Chan- 

nel Vertical D-MOS FETs and 

Arrays and the CDG family of 
CMOS/D-MOS Video and RF 

| Switches, Multiplexers and 
Attenuators. 


| Contact us for fast delivery of 
quality products. 


Drop us a note on your com- 
pany letterhead to receive a 
| complete catalog. 


SEMICONDUCTOR | 


1971 N. Capitol Ave. . 
San Jose, CA 95132 


(408) 942-9100 
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program this optical-character-rec- 
ognition system to identify the char- 
acters of a standard font in less than 
four hours. The Speed Reader uses 
a 16-bit dual-processor design to 
provide real-time character recogni- 
tion, 256 gray-scale levels, and 
012512-pixel resolution. These 
features allow the unit to read char- 
acters accurately even when the 
quality of the lettering or the level 
of lighting is inferior. The unit 
comes with menu-driven software 
to help you install and change char- 
acter fonts. Proprietary character- 
reading algorithms are also fur- 
nished. The system can read as 
many as 30 characters in a string 
and distinguish among 40 charac- 
ters in a font, including numbers, 
letters, and symbols. It comes with 
two communication ports—RS- 
232C and an RS-422. $22,000. Deliv- 
ery, 45 days ARO. 

Analog Devices Inc, Literature 
Center, 70 Shawmut Rd, Canton, 
MA 02121. Phone (617) 329-4700. 
TWX 710-394-6577. 
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ELECTRONIC MOUSE 


@ Offers 100 dots/in. resolution 
@ Features wPs for memory 


Featuring onboard Ps that provide 
processing power and program 
memory, the SummaMouse can 
both receive and send data, which 
simplifies repair of the mouse. The 
mouse can respond to variable data 
formats, and it specs a resolution of 
100 dots/in. and a life expectancy of 
2000 mi. Its driver and menu-selec- 
tion system provide an interface for 
software programs such as Lotus 


1-2-3 and Wordstar. This electronic 
mouse uses light reflecting from a 
special pad to sense motion. The 
unit is quiet and requires no period- 

ic maintenance. $119. 
Summagraphics Corp, 777 State 
St Extension, Fairfield, CT 06480. 
Phone (203) 384-1344. TLX 964348. 
Circle No 372 
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SOS 


LAN MANAGER 


@ Menu-driven software with 
MOUSE 


® Multitasking control functions 


Allowing T1 users to manage their 
networks from a single point via a 
multifunction, high-resolution color 
graphics wC, the INM integrated 
network manager can manage both 
backbone and access networks. It 
detects existing and potential prob- 
lems, isolates faults, and restores 
the network via automatic alternate 
routing. The menu-driven interface 
uses a mouse for feature selection. 
The manager has multitasking capa- 
bilities, for coneurrent network 
monitoring, diagnostic test initia- 
tion, and parameter alteration. For 
real-time graphic display of the net- 
work and site, the user controls 
windows that monitor these concur- 
rent functions. $85,000 to $120,000. 
Infotron Systems Corp, Cherry 
Hill Industrial Center—9, Cherry 
Hill, NJ 08008. Phone (800) 345- 

4636 or (609) 424-9400. 
Circle No 373 
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LASER PRINTER 


@ Prints graphics at 300x300 
dots/ in. 
e Features six standard fonts 


Capable of printing full-page bit- 
mapped graphics at a rate of 
300x300 dots/in., the LP-3000 laser 
printer supports the full IBM 
graphics character set and emulates 
the HP Laserjet and Laserjet+, 
Diablo 630, and Epson FX-80. The 
printer has six standard fonts; Cou- 
rier 10, Courier 10 Italic, Prestige 
Elite, Compressed (16.67 cpi), 


Edmund 


use it as an important source for: 


@ Optics, Mirrors 
@ Lab Equipment 
@ Alternate Energy 
@ Pumps & Motors 


@ Magnets 

@ Magnifiers 

@ Microscopes 
@ Telescopes 
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Write for your free 
cientific 


industrial catalog. 


The new Edmund Scientific full color catalog features 
thousands of hard-to-find products used in science, industry, 
education, research and by hobbyists. Major industrial firms 


Edmund Scientific Co. 


Dept. 4126, 6490 Edscorp Bldg., Barrington, NJ 08007 
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Times Roman PS, and the IBM 
Character Set. You can order addi- 
tional fonts as options on cartridges. 
The buffer memory is expandable to 
2M bytes. In addition, the unit can 
print eight pages per minute in el- 
ther landscape or portrait mode. 
The paper tray can hold 250 sheets; 
pages are automatically collated. 
From $3980, with 512k bytes of 
RAM. 

Hanzon Data Inc, 18732 142nd 
Ave NE, Woodinville, WA 98072. 
Phone (206) 487-1717. TLX 317899. 
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RISC 


@ Features 4.5-MIPS rate 
@ Runs Unix-based operating 
system 


Offering a computational speed of 
4.5 MIPS, Model 840 is a reduced- 
instruction-set computer for engi- 
neering applications requiring high 


@ Lasers 

@ Fiber Optics 
@ Photography 
@ Tools & more 


performance. The computer uses a 
Unix-based operating system that 
adheres to AT&T’s System V inter- 
face definition. The 840 links the 
manufacturer’s CAD and CAE sys- 
tems with its computer-integrated- 
manufacturing (CIM) systems. The 
computer features industry-stan- 
dard networking, graphics, lan- 
guages, and databases. From 
$113,500. Deliveries to begin to- 
ward the end of the year. 
Hewlett-Packard Co, Box 10301, 
Palo Alto, CA 94808. Phone (415) 
857-1501. 
Circle No 375 


The T90. 


A very special relay. 


For nearest sales office, call 1-800-255-2550. 


Potter & Bru mfield A Siemens Company 
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WIREWOUND RESISTORS 


@ 44 standard values from 10. to 
100 kX 

@ Interchangeable 
film units 


with leading 


The GR102 high-precision wire- 
wound resistors are mechanically in- 
terchangeable with leading film 
units, and they offer long-term sta- 
bility. They’re available in 44 stand- 
ard resistance values from 100 to 
100 kQ in tolerances of 0.1, 0.02, 
and 0.01%. Nonstandard resistance 
values and tolerances are available 
on special order. Performance char- 
acteristics include a stability of +35 
ppm/year full load and a tempera- 
ture coefficient of +3 ppm/°C typ 
and +5 max. For the 0.1%, 10-kO 
model, $1.83 (500). 

General Resistance Inc, Box 
185, North Branford, CT 06471. 
Phone (208) 481-5721. 
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COAXIAL SWITCH 


@ 75Q) spdt solid-state switch 
@ Covers 5 to 100 MHz with 
<1.5-dB loss 


This 750 single-pole, double-throw 
solid-state coaxial switch, Model 
758-041, covers 5 to 1000 MHz with 
less than 1.5-dB loss to 500 MHz and 
less than 2-dB loss at 1000 MHz. 
The unit specs isolation greater 
than 60 dB at 500 MHz and greater 
than 45 dB at 1000 MHz. The switch 
is available with F or BNC RF 
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connectors. The unused port is auto- 
matically terminated in 750. Power 
requirements are +15V at 25 mA. 
$125. Delivery, four to six weeks 
ARO. 

JFW Industries Inc, 5134 Com- 
merce Square Dr, Indianapolis, IN 
46237. Phone (317) 887-1340. 
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TIMER/COUNTER 


@ Offers five time ranges 
® Counting speeds to 5000/minute 


The CX200 solid-state timer offers 
five time ranges and counting 
speeds to 5000/minute. Time ranges 
span 19.999 seconds to 199 hours, 59 
minutes, and two count rates are 
available. Each count rate accepts 
and displays counts from 1 to 
19,999. Time or count operation, 
time range, and standard or reverse 
start operation are selected by 
seven miniature rocker switches. 
You enter time or count set points 
into the unit using a sealed mem- 
brane keypad on the front of the 
unit. A 4%4-digit LCD onthe front of 


the unit displays the time or count 
set point and progress. Operational 
mode annunciators also appear in 
the display area on the front of the 
unit. The mode annunciator flashes 
when the unit is timing or counting. 
The CX200 has two relay outputs: 
one with 10A, 2-pole from C in- 
stantaneous contacts, and one with 
10A, 2-pole from C delayed con- 
tacts. The CX240 configuration has 
one normally open, delayed-action 
switch, which is a solid-state MOS- 
FET rated at 1A continuous load 
current, 0 to 264V ac at 50/60 Hz or 
de. You can program the delayed 
outputs to operate in one of four 
load sequences: delay, internal, 
pulse output, and pulse output with 
repeat-cycle operation. The line of 
timers includes a memory backed by 
a 10-year lithium battery, a keypad 
lock to prevent unauthorized 


changes, and a time-inhibit function 
to allow timing to be stopped with- 
out resetting the unit. $125. 

Eagle Signal Controls, 8004 
Cameron Rd, Austin, TX 78753. 
Phone (512) 837-8398. TLX 4630170. 
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SLIDE SWITCHES 


@ Single-pole and double-pole mod- 
els available 
® Options include on/off, on/on, 
and momentary functions 


Both single-pole and double-pole 
models of the S Series slide switch 
fit into the same standard panel 
opening. The switches are UL and 
CSA approved. Options include 
on/off, on/on, and momentary func- 
tions. Termination options are sol- 
der lugs, 0.11-in. quick-connect ter- 
minations, and wire leads. Switch 
housings and actuators are 6/6 nylon 
with matte finish, available in nine 
colors. Contact ratings are 12A at 
125V ac, 6A at 250V ac, and 1A at 
125V dc, with standard silver- 
plated copper contacts and termi- 
nals. Electrical and mechanical life 
is 10,000 cycles at full load. Insula- 
tion resistance is 10° min. Dielec- 
tric strength is specified at 1000V 
rms at sea level. Single-pole parts, 


Cartridge Tape 


Systems 


e Stores 5.3 Mbytes or 20 Mbytes of Binary or ASC II Data 
© Power Fail Standard-Power Fail “NO DATA LOSS” 


Optional 
e Auto Answer Standard 
Intelligent Search & Retrieval 


e |EEE-488 and/or RS-232-C with data rates up to 2,500 


characters/sec 


e Large input buffer allows unit to accept data non-stop 


APPLICATIONS: Data Logging, Control System, Archiv- 
ing, Program Loading & Storage, Back-up, and Telephone 
Switch Monitoring. Auto-polled Remote Data Storage. 


1200 


5.3 Mbyte 


WE SERVICE COLUMBIA TAPE DRIVES 
300B - 300C - 300D 
Return Authorization Number Required 
9198-C Red Branch Rd, Columbia, 
MD 21045 1TX333405 ALGO COL 


1-800-252-ALGO in MD: 
(301) 730-7442 


ALGO _N 
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Intelligent Stand Alone RS-232 or 
IEEE-488 Cartridge Tape System 


Replacement for Tandberg, 
Columbia 300 B, C, & D and 
European MFG Tape Drives 


from $0.60; double-pole units, from 
$0.75 (1000). 

C&K Components Inc, 15 
Riverdale Ave, Newton, MA 02158. 
Phone (617) 964-6400. 
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SPLICE KIT 


e For UV-cured splices 
e Lockable carrying case 


The NSK-7, a fiber-optic splice kit, 
provides the tools needed for high- 
performance UV-cured type splices. 
It includes an instruction manual, 
cleaving tool, splice holder, splice 
lamp, syringes, simplex cable, 
splice housings, 30X microscope, 
X-acto knife, cable-jacket stripper, 
buffer strippers, tweezers, scissors, 
Texwipe cleaning pads, masking 
tape, and 10 of the company’s UVC 
optical splices. All these supplies 
come in a lockable carrying case. 
The UVC splice is a 1-piece glass 


1600 


20 Mbyte 


device for field and lab use. The 
2-step process starts with the splice 
being filled with UV-curing optical 
adhesive. The fibers are then in- 
serted and cured. The kit is de- 
signed for both single- and multi- 
mode fibers from 125 to 140 
microns. Complete splices have an 
average light loss of 0.20 dB and 


The T90. 
A very special relay. 
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withstand temperatures from —40 
to +70°C. $1190. 

Norland Products Inc, Box 145, 
New Brunswick, NJ 08902. Phone 
(201) 545-7828. 
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D CONNECTORS 


@ Accommodates layouts with 
nine, 15, 19, or 25 size-20 contacts 

@ Flexibility compensates for board 
irregularities 


These D-subminiature connectors 
provide contact flexibility to com- 
pensate for circuit-board and solder- 
pad irregularities or warpage. A 90° 
front-metal shell mates with all D- 
subminiature connectors that ac- 
commodate layout configurations of 
nine, 15, 19, or 25 size-20 contacts. 
The connector also is constructed so 
that referenced datum dimensions 
facilitate accurate robotic pickup. 
The connector features high-temp- 


erature plastic insulating material, 
which can withstand the rigors of 
vapor-phase soldering (215°C for 45 
sec). It’s packaged in either seg- 
mented trays or in tubes to accom- 
modate robotic assembly. From 
$2.08 for the 9-pin version to $3.70 
for the 25-pin model (5000). 

ITT, Cannon Div, Box 8040, 
Fountain Valley, CA 92728. Phone 
(714) 964-7400. 
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TWINAXIAL SWITCH 


@ Designed for use with IBM sys- 
tem interfaces 
© Eliminates cable swapping 


Designed for use with the twinaxial 
interface of IBM systems 34, 36, 38, 
0120, 5150, 5520, and others, the 
Model 8024-D twinaxial A/B switch 
eliminates cable swapping because 
you can switch any twinaxial port to 
either of two peripherals, or switch 


a terminal to either of two ports. 
The twin center conductors and the 
shields are switched while isolation 
of grounds is maintained. Unused 
connectors are terminated to 510. 
You can connect all cables at the 
rear of the unit. You select the out- 
put with a rotary switch. $129. 
Electro Standards Laboratory 
Inc, Box 9144, Providence, RI 
02940. Phone (401) 948-1164. TLX 
6972057. 
Circle No 382 


Compare 
Specifications of 
PC Board Connectors 
in New D.A.T.A.,BOOK 


Now quickly compare con- 
nector specifications from 
over 100 manufacturers in a 
new D.A.T.A.BOOK, PC Board 
Connectors. 


Easy-to-use, side-by-side 
comparisons of 15 important 
specifications save hours of 
search time and help you 
select the right connector 

= for military or commercial 
applications. 


SAVE $25. 
$115 Special Introductory Offer* 


1-800-854-7030 
(In CA 1-800-421-0159) 
30-DAY MONEY-BACK GUARANTEE 


or write to D.ATLA., ING. 


9889 Willow Creek Road 
P.O. Box 26875, Dept.S0796 


San Diego, CA 92126 
"Offer expires 10/31/86. Regular price $140. 
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Personal Check (2 wks, to 
ja add $10,00 first tow) Sido oe elf & hand. Shipm to IL address add 7% tax. 
N POLICY: Defect Most products th cp within 30 days of purchase 
peripherals replaced only when defective on arrival (within 3 work days of delivery). 
ALL ELEK-TEK MERCHANDISE IS BRAND NEW, FIRST QUALITY AND COMPLETE, Delivery 


clear) tem 
Prices subj, to eee WRITE tor i salen: RETURN 
with identical 


merchandise only, Computer and large 
Other problems covered by mfr. warranty, 
Subject to availability. DUNS #09-718-0517 
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brought back for an instant replay. dence of Casio's high-tech leadership 
The fx-7000G has 82 scientific throughout our entire line of scien- 


calculator with a graphic display. The — functions—including linear regres- tific calculators. Our smaller-screen 

only calculator that can give form to sion, standard deviation, as well as fx-6000G, for example, offers many of 

your figures, instantly drawing graphs __ binary, octal and hexadecimal calcu- __ the features of our fx-7000G at even 

that represent your formulas and lations—making it useful in virtually a smaller price. 

calculations on its big LCD screen. any scientific or technical endeavor. lf you have any doubt as to whos 
And with a screen measuring 16 In fact, without requiring com- the leader in high-tech calculators, 


characters by 8 lines, the fx-7000G puter knowledge—or costing com- simply pick up an fx-7000G and draw 
can display enough informa- _ sssseeeemmmmmmmmee OULCL dollars—the fx-7000G, —= your own conclusions. 
a : ie with its 422 step memory, For more information call 1 (800) 


tion for some of your big- 
performs many func- 553-3338 Ext. 11. 


gest ideas. The formula 
or graph can then cm : tions you'd otherwise 
+ oe ae find only on a computer. “ 


be stored and, ( 
when needed, There's ample evi- Where miracles never cease 


The Casio fx-7000G $79.95 It's the 
world’s first programmable scientific 


Casio. inc. Consumer Products Division: 15 Gardner Road, Fairfield, N J. 07006 
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ZENER DIODES 


@ Extends MIL-S-19500/406 series 
@ Available in JAN, JANTX, and 
JANTXV versions 


This series of 1.5W zener diodes, 
the 1N6485 to the 1N6491, extends 
the range of the MIL-S-19500/406 
series from 6.2 to 3V. The series 
features noncavity,  clear-glass, 
high-temperature, metallurgically 
bonded devices. The diodes are 
available in JAN, JANTX, and JAN- 
TXV versions; JANS-qualified units 
are slated for 1987. $2.50 (100). De- 

livery, stock to 14 weeks ARO. 
Microsemi Corp, 2830 S Fair- 
view St, Santa Ana, CA 92704. 
Phone (714) 979-8220. TLX 4720306. 
Circle No 383 


CMOS EPLD 


e@ //O delay of 35 nsec 
© Programmable output architec- 
ture 


The E P3820 erasable PLD features a 
standby current of 10 wA. When 
operating at 1 MHz, the device 
draws 10 mA max; supply current 
typically increases by 0.5 mA/MHz 
at higher frequencies. Featuring a 
programmable output architecture, 
the IC can be used as a generic, 
user-configurable building block 
that replaces 46 different PAL-de- 
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vice part types, including the 16L8 
and 16R8. The device specs a 35- 
nsec delay. In a windowed ceramic 
DIP, $4.50 (100). Delivery, eight 
weeks ARO. 

Altera Corp, 3525 Monroe St, 
Santa Clara, CA 95051. Phone (408) 
984-2800. 

Circle No 384 


RAM MODULE 


® Access time of 20 nsec 
@ Requires single 5V power supply 


The EDH84H16CP DIP comprises 
four CMOS 16kx1 RAMs with a 
decoupling capacitor mounted on 
both sides of a 22-pin, DIP-style 
ceramic substrate. The DIP is on 
300-mil centers. The device has an 
access time of 20 nsec. It’s fully 
static, requires no clocks, and has 
both CE power-down and data-re- 
tention functions. The module re- 
quires a single 5V power supply. $99 
(1000). Delivery, eight weeks ARO. 
Electronic Designs Inc, 35 South 
St, Hopkinton, MA 01748. Phone 

(617) 435-9077. TLX 948004. 
Circle No 385 


OPTICAL-TABLET IC 


@ Works with the manufacturer’s 
Puck Pointer 

@ Accommodates 150- to 75k-bps 
rates 


The L2001-P optical-tablet system- 
controller chip works with the man- 
ufacturer’s Puck Pointer miniature 
optical tablet in two or three axes. 
The chip includes a complete high- 
resolution position system and pro- 
vides outputs for both standard RS- 
232C serial and 4-line quadrature 
interfaces that are suitable for all 
Apple and other mouse-ready com- 
puters. The device accommodates 
32 baud rates (from 150 to 75k bps) 
and odd/even parity conditions. The 
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Our growing line of SBX 
compatible modules is ready 
to help you solve your 
interface problems. 


Battery Backed-up 
Clock 


Dual Serial Asynchron- 
ous with a Variety of 
Interfaces 


Interrupt and Timer/ 
Counter Expansions 


intelligent Shaft 
Encoder Interface 
Eight Channel Form C 
Relay Outputs 
Exciting New Modules 
in Design 

Custom Module 
Design Service 


Abionics 


INCORPORATED 
Software support is available for 11 Prospect St. 
most products in several popular 
formats. 

| 


1 Year Warranty on all modules. 


Mt. Arlington, NJ 07856-1121 
(201) 770-2603 


CIRCLE NO 221 


AFFORDABLE HIGH 
PERFORMANCE 
SOLENOIDS 


ROTARY 


PUSH/PULL 


Shindengen is one 
of the leading solenoid 
manufacturers in Japan. Densitron Cor- 
poration of America E-M Division provides 

local service for the Shindengen solenoid product 
line to the U.S. market. Together, we offer -typical 
Japanese quality levels—the highest available, delivery which meets 
your requirements—not ours, technical ability to answer your 
application questions, and most importantly, competitive prices. 
Our product offering includes a wide range of standard designs 
with many options and the technical/manufacturing capability to 
design, develop and produce volume custom designs to meet your 
specific performance, quality and price requirements. 


TUBULAR 


*For more information please contact: 


DENSITRON CORPORATION 
oF AMERICA 


E-M DIVISION P.O. BOX 1318, 1015 MILL ST. CAMDEN 


SOUTH CAROLINA 29020 U.S.A. 
TEL: (803) 432-5008 FAX: (803) 432-1165 
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Functional... 
Reliable. ..Economical. Just 
a few qualities that make 
STIMPSON Eyelets the leading 
choice when securing your 
fastening needs. 


At STIMPSON, we realize that each 
eyeleting application presents its own 
problems and requirements. That’s why 
we maintain the largest stock in the 
world, producing over 3,000 different 
sizes and styles, each furnished in a 
variety of metals, finishes and colors. 


You can also rely on our Assembly 
Service Experts to recommend the right 
combination of eyelets and machinery to 
meet your design specifications. 


Send for your free copy of STIMPSON’S 
latest Eyelet Catalog, which illustrates 
over 2,300 standard and 
specialty eyelets and our 
full line of precision-built 
automatic eyeleting 
machines. 


4 


900 SYLVAN AVE. BAYPORT, NY 11705-1097 
(516) 472-2000 


Co Inc. 
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PICO 
DC-DC 


Converters 


DELIVERY — STOCK TO ONE WEEK! 


Actual 
Size 


PICO’s high reliability DC-DC 
Converters are produced in an 
ultra-miniature encapsulated 
package. 

Over 80 different models 
operating over the temperature 
range of —25°C to +70°C 
without derating. 


Up to 250V DC Output 

Up to 1.25 watt output at 70°C 
ambient 

Ultra-miniature size (0.3" Height) 
5 input voltage ranges 5, 12, 24, 28 
and 48V DC 

28V Input/Output now standard 
Input/dutput isolation 

100 megohm @ 500V DC 

Single and dual output 

No heat sink required 


983 and 
+85° C) 


Over 300 miniature low profile 
standard models deliver 
up to 12 watts power. 


PICO also manufactures over 2500 
standard ultra-miniature transformers 
and inductors. 


Delivery— 
stock to 
one week & 


Electronics, Inc. 


453 N. MacQuesten Pkwy. Mt. Vernon, N.Y. 10552 


Call Toll Free 800-431-1064 
IN NEW YORK CALL 914-699-5514 
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controller includes a charge-pump 
drive that provides bipolar RS-232C 
voltages. Controller, $25; Puck 
Pointer, $135. 

Lightgate, 6300 Telegraph Ave, 
Oakland, CA 94609. Phone (415) 
653-8500. 
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ISDN IC 


@ [nput-voltage range of 15 to 65V 
@ Compatible with the S interface 


The Am7926 is the first monolithic 
device that meets CCITT power re- 
quirements for the S interface, 
which connects telecommunications 
terminal equipment with PABX 
(private-access business exchange) 
equipment. The device provides a 
regulated 5V supply to circuits in 
the ISDN terminal. You can also 
program the IC to provide a regu- 
lated supply at other voltage levels 
(as high as 80% of the input volt- 
age). The input-voltage range of 15 
to 65V allows the IC to accommo- 
date voltage degradation over sub- 
seriber lines, as well as over a wide 
range of voltage sources. The circuit 
can detect polarity reversal result- 
ing from loss of power and can sig- 
nal the pP to shut off power in 
nonpriority terminals. The clock 
synchronization of the input mini- 
mizes system noise by synchroniz- 
ing the device with the system 
clock. In an 18-pin ceramic DIP, 
$15.75 (100). 

Advanced Micro Devices, Box 
3458, Sunnyvale, CA 94088. Phone 
(408) 732-2400. 

Circle No 387 


GaAs FET 


@ Wide dynamic range for multiple 
gain stages 
® Gold bonding pads 


The HMF-1210 GaAs FET provides 
typical linear power (at 1-dB gain 
compression) of 25 dBm at 18 GHz 
with an associated gain of 4 dB. 
Under maximum-gain tuning condi- 
tions, the device achieves typical 
gains of 6, 9, and 12 dB at 18, 12, 
and 8 GHz, respectively. You can 
use the transistor in designs requir- 
ing individual-device linear output 
at 150- to 250-mW power levels. It 
features gold bonding pads suitable 
for multiple bonds of 1-mil wire. The 
back contact of the chip is isolated 
from the transistor’s source. $45 
(100). 

Harris Microwave Semiconduc- 
tor, 1580 McCarthy Blvd, Milpitas, 
CA 95035. Phone (408) 262-2222. 
TWX 910-338-2247. 

Circle No 388 


SINK DRIVERS 


@ 4.4-MHz min data-input rate 
® Sink 1.5A/channel 


The UCN-5818B and UCN-5814B 
are integrated circuits that combine 
four low-power CMOS latches and 
four high-current bipolar Darling- 
ton power drivers. Able to sink 
1.5A/channel, both devices include 
transient-suppression diodes and 
common strobe and output-enable 
functions. Both models feature a 
4.4-MHz minimum data-input rate. 
In addition, the UCN-5814B driver 
contains an input-enable function. 
This function, which you can use as 
a chip-select and as a clear function, 
provides easier »P interface. The 
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devices are rated for 50V. The 
UCN-5813B, in a 16-pin plastic DIP, 
$2.78; the UCN-5814B in 22-pin bat- 
wing DIP, $3.02 (100). 

Sprague Electric Co, Box 9102, 
Mansfield, MA 02048. Phone (617) 
853-5000. 

Circle No 389 


STEPPER DRIVERS 


@ Contains four MOSFET dies and 
four flyback diodes 
@ Comes in 80 and 100V versions 


The CPY400H08/10 unipolar step- 
per-motor driver modules provide 
currents as high as 7A; the modules 
come in 80 and 100V versions. The 
devices consist of four IRF530 
HEXFET power MOSFET dies and 
four flyback diodes. The modules 
are available in 11l-pin packages 
(designated H-6 by the manufactur- 
er) having dimensions. of 
0.58x1.74x0.13 in. CPY400H08, 
$9.75; CPY400H10, $10.60 (1000). 

Delivery, eight weeks ARO. 
International Rectifier Corp, 
233 Kansas St, El Segundo, CA 

90245. Phone (213) 607-8939. 
Circle No 390 


LOGIC ARRAYS 


@ 1.5-um bipolar process 
@ 100-MHz system speed 


The DS Series uncommitted logic 
arrays (ULA) use eight masks in a 
1.5-um bipolar process with double- 
layer metal that features a 6-~m 
grid pitch on both layers. The Se- 
ries uses differential logic. Several 
factors contribute to its 100-MHz 
speed: flip-flop toggle rates, gate 
propagation delays, and the extent 
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to which these parameters are 
maintained with increasing fan-out. 
The series enjoys full support of the 
manufacturer’s ULACAD software 
system. $6000. Delivery, 10 weeks 
ARO. 

Ferranti Interdesign, 1500 Green 
Hills Rd, Scotts Valley, CA 95066. 
Phone (408) 438-2900. 
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Electron & lon Beam 
high voltage applications... 


BERTAN EB and IB Series 
@ Research and Material Analysis 
(Auger Microprobe, Scanning 
_ Electron Microscopes) —— 
ography-IC Manufacturing 
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NEW PRODUCIS 


COMPUTER-SYSTEM SUBASSEMBLIES 


VOICE SYSTEM 


®@ Controls four phone lines 
@ Records and plays voice signals 


You can use the Dialog/40 board, a 
multiple-telephone-line voice I/O 
controller, with an IBM PC/XT, 
PC/AT, or compatible computer. 
This board can record, play back, 
autoanswer, autodial, and detect 
DTMF signals concurrently over 
four independent telephone lines. It 
uses shared memory buffers, an on- 
board wP, and voice compression/ 
expansion processors. A software 
driver lets your application pro- 
grams control the board. The driv- 
er’s routines support voice I/O oper- 
ations to and from buffers or files. 
Because the system requires only 
one expansion slot in a personal 
computer, it can control as many as 
32 phone lines within one computer 
system. $1195. 

Dialogic Corp, 60 Baldwin Rd, 
Parsippany, NJ 07054. Phone (201) 
334-8450. 

Circle No 392 


STEPPER DRIVER 


@ Controls four motors 
@ Provides switch input port 


The Stepper Driver Module can 
drive each of four stepper motors at 
1.5A and 15V per phase. You can 
program a module to drive motors 
in full-step, half-step, 4-phase, or 
2-phase power sequences. The mod- 
ule provides brake and free-wheel 
functions individually for each 
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motor. Modules receive step and 
direction commands from a _ host 
computer that communicates with 
them over a 40-conductor ribbon 
cable. Maximum cable length is 100 
ft. An input port for limit switches 
is standard. Using the software in- 
cluded with the board, you can gen- 
erate complicated combinations of 
motor moves in response to external 
stimuli and limit-switch settings. 
Each stepper-driver module, includ- 
ing software and one motor, costs 
$92. Host-computer cards are avail- 
able for IBM PC or compatible com- 
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ANALOG-INPUT BOARD 


@ Offers 16-bit resolution 
@ Has eight channels available 


The MPV911 is an analog-input 
board for VME Bus systems and 
has 16-bit resolution. It features an 
onboard timer and eight analog-in- 
put channels with 382k bytes of 
onboard RAM operating as dual 
swinging buffers, and it’s software 
compatible with the MPV952 high- 


puters and Apple II computers for 
$150. 

Computer Continuum, 75 South- 
gate Ave, Daly City, CA 94015. 
Phone (415) 755-1978. 

Circle No 393 
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speed analog-input board. You can 
operate the board in either continu- 
ous or transient data-capture mode. 
Other characteristics include a 
20-uwsec max throughput time, a 
programmable sampling rate, and 
an oversampling indicator in the 
status register. Three triggering 
options are available. $2121. 
Burr-Brown Corp, Box 11400, 
Tucson, AZ 85734. Phone (602) 746- 
1111. TWX 910-952-1111. 
Circle No 394 
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Wire Graphics CAD Services | 
speed your circuit design | 
from schematic to prototype. 


i 


Give us your schematic in any form, or your CAD 
generated Future Net®, P-CAD™, Sci Cards®, | 
Case®, or Chancellor®, PCB net list in any format, 
and we’|l fabricate your next wire wrapped proto- 
type in record time. 

You get direct, personalized technical assist- 
ance throughout the job, plus the sophisticated 
processing of our exclusive Pen-Entry CAD/CAM 
System. Schematics are debugged and corrected 
on the spot—eliminating costly errors and your 
time in preparing ‘from-to lists”. Engineering 
design changes are turned around on a priority 
basis at any time during processing or after 
wiring. And you'll get a superior documentation 
package with every job. 

We also can provide such additional data ser- 
vices as: Manufacturing/Artwork package for 
Multiwire® or PCB bed-of nails test fixture 
fabrication. 

Send us your next schematic (or other net list 
data source) for a free estimate. Or, ask for our | 
brochure describing Wire Graphics’ complete 
design, production and test services today. 

| 
| 


Wire Graphics Inc. 


95 Sherwood Avenue 
Farmingdale, New York 11735 
Telephone: (516) 293-1525 
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STORAGE SYSTEM 


@ Stores disk data in EPROMs 
® Includes battery-powered RAM 


Solidisk/Li is a solid-state, nonvola- 
tile mass-storage system for use 
with the IBM PC and compatibles. 
The system combines 384k bytes of 
EPROM storage and 96k bytes of 
static RAM with lithium-battery 
backup, which can power the RAM 
chips for as long as four years. By 
using the system’s onboard EPROM 
programmer, a computer copies a 
double-sided disk into EPROM in 
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less than 45 minutes, according to 
the manufacturer. An optional boot- 
strap EPROM allows you to boot 
your PC directly from the system, 
and lets you design diskless PC sys- 
tems. You can upgrade the system 
to take advantage of Intel’s planned 
1M-, 2M-, and 4M-bit 28-pin 
EPROM package. $950. 

Fastore, 134 Old Ridgefield Rd, 
Wilton, CT 06897. Phone (203) 834- 
1975. 

Circle No 395 


UNIX CARD 


@ Implements Unix on PC/XT or 
PC/AT computers 

@ Provides as much as 2M bytes 
of main memory 


The Multiplier is a hardware/soft- 
ware package that lets you add the 
multiuser Unix operating system to 
an IBM PC/XT or PC/AT. Fitting 
into a standard I/O slot, the card 


Str Hole: MA 01748, USA, Telephone (617) 435. 9077, 7 ELEX 048004 
Js use, The Avenue, s Laghewater, Surrey GUIs ORE, U. K,, a 


features an 8-MHz MC68010 uP, 
MC68451 memory-management 
unit, and 512k bytes of main memo- 
ry that’s expandable to as many as 
2M bytes. The host operating sys- 
tem provides an interface between 
MS-DOS and Unix. The package 
also includes a replacement key- 
board, keyboard-handler software, 
the FOR:PRO/PC operating system 
(an enhanced version of Unix), and 
Fortune:Word, a Unix-based word- 
processing program. Using the Mul- 
tiplier, you can connect two extra 
terminals (IBM PCs, PC/XTs, or 


eas 72637, TE - 


EDN September 18, 1986 


COMPUTER-SYSTEM SUBASSEMBLIES 


PC/ATs) to a single-user personal 
computer. You can also toggle be- 
tween FOR:PRO/PC and MS-DOS 
applications while a Unix applica- 
tion executes in the background. 
$1995. 

Fortune Systems Corp, 300 Har- 
bor Blvd, Belmont, CA 94002. 
Phone (415) 593-9000. 

Circle No 396 


DUAL-TASKING BOARD 


@ Runs tasks sumultaneously 
@ Provides 8-MHz V20 wP 


Bi-Turbo provides dual-tasking 
software and additional memory for 
the IBM PC, PC/XT, PC/AT, and 
compatible computers. Using this 
board, you can run a spreadsheet 
application and a lengthy mailmerge 
program simultaneously. This si- 
multaneous operation is possible be- 
cause the board dedicates a pro- 
cessor to each task and provides 


tewide Bu: 


RAM disk caching. The board incor- 
porates an 8-MHz V20 processor, 
640k bytes of RAM for programs, 
256k bytes of RAM for disk caching, 
and a private COM2: port, which 
the second task uses. It comes with 
the manufacturer’s BTNX soft- 
ware, which controls two tasks si- 
multaneously. $995. 

Alloy Computer Products Inc, 
100 Pennsylvania Ave, Framing- 
ham, MA 01701. Phone (617) 875- 
6100. TWX 710-346-0394. 

Circle No 397 


DISK CONTROLLER 


@ Operates at 30M bytes/sec 
@ Supports SMD disks 


The V/SMD 4200 Cheetah board 
boosts data throughput of SMD disk 
drives to rates exceeding 30M 
bytes/sec via the manufacturer’s 
Buspacket interface. The board in- 
cludes the manufacturer’s virtual 


buffer architecture, zero-latency 
read/write capability, and Unix-op- 


timized intelligent caching with 
128k bytes of multitrack cache 
memory. The interface decouples 
bus activity from other controllers 
through high-speed FIFOs and an 
asynchronous bipolar state machine 
that controls VME Bus transfers. 
Before putting data packets on the 
computer’s data bus, the interface 
formats them and places them in 
FIFO buffers. $2350 (OEM qty). 

Interphase Corp, 2925 Merrell 
Rd, Dallas, TX 75229. Phone (214) 
350-9000. 
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Static RAMs for Military, Industrial and Commercial applications. aoe 


the biggest (to 4Mbit) and the most extensive line of SRAM modules. 
Commercial and Industrial applications. Send for a new shortform today. _ 
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EMULATOR LINK . 


@ Single connection to circuit 
under development 

e@ JBM PC controls two instru- 
ments 


TURBO INTERFACE 


@ Calls low-level data-acquisition 
routines 

@ Compatible with IBM PC-DOS 
2.0 or higher 


The PCI-200468-3 language pack- 
age links Turbo Pascal and the com- 
pany’s PCI-2000 data-acquisition 
system. It consists of a set of high- 
level calls to assembly-language 
subroutines. These include utility 
calls, configuration calls, read and 
write calls, plus built-in error 
checking. The software can also call 
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The Emulator Interface Probe links 
a logic analyzer with an in-circuit 
emulator. It consists of software 
and probes to connect the firm’s 
logic analyzer to in-circuit emula- 


all subroutines from assembly-lan- 
guage code. Routines provide both 
linearization and cold-junction com- 
pensation for J, K, and T thermo- 
couples as well as RTD lineariza- 
tion. Demonstration and _ tutorial 
material are included. The software 
is compatible with IBM PC-DOS 2.0 
or higher. $225. 

Burr-Brown, Box 11400, Tucson, 
AZ 85734. Phone (602) 746-1111. 
TWX 910-952-1111. 
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C DEBUGGER 


@ Supports 8085 and Z80 wPs 
®@ Contains a window for displaying 
variables 


A C language symbolic debugger 
for the company’s Echo pP develop- 
ment system allows you to debug 
code running on the emulator in the 
source language (using all symbols), 
in assembly language, or in both. 
The debugger supports the 8085 and 


tors from Zax Corp (Irvine, CA). 
The instrument connects all rele- 
vant P signals from the emulator’s 
hardware to the logic-state analyzer 
so you only have a single connection 
in the wP socket. The specially mod- 
ified emulator’s top panel includes a 
connector for the company’s probe. 
This probe is used for all of the 


processors supported. You can di- 


rectly control the emulator from the 
logic analyzer’s menus by means of 
software executed on an IBM PC. 
You can switch from emulator to 
logic analyzer and vice versa with 
one keystroke. Probes are available 
to support the Z80, 8086, 8085, 
8088, 80186, 80188, 68010, 68000, 
68008, and 6809. $995 each. 
Northwest Instrument Systems 
Inc, 19545 NW Von Neumann Dr, 
Bldg #D-4, Beaverton, OR 97006. 
Phone (508) 690-1800. 
Circle No 399 
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Z80 wPs. A window displays se- 
lected local and global variables in 
their declared format. A single key- 
stroke starts the processor running 
from the current program-counter 
address to the cursor point you’ve 
set in the C code. When you depress 
an expansion key, each line of C 
code expands into its assembly code 
version on the same display screen. 
You can load the source code and 
choose to work in.C or assembly, 
switching back and forth at any time 
with two keystrokes. Options in- 
clude 1.2M-byte or 360k-byte disk, a 
40M-byte hard disk, and emulation 
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Thin Film Technology Corp. 
6955 Washington Ave. So. Suite B 
Edina, MN 55435 
Phone (612) 829-0930 
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pods for simultaneous emulation for 
as many as eight uPs. Development 
system, including debugger, for 
16-bit wCs, $9980; for 8-bit wCs, 
$8960. 

Arium Corp, 1931 Wright Circle, 
Anaheim, CA 92806. Phone (714) 
978-9531. 
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INSTRUMENT CASE 


@ Built-in heat sinks 
@ Desktop or rack mountable 


Multibox is a desktop or rack- 
mountable enclosure whose side 
panels double as heat sinks. All pan- 
els are made from 6063-aluminum 
extrusions with internal grooves 
that allow insertion and contain- 
ment of cover plates, pc boards, a 
chassis plate, self-tapping screws, 
and other mounting devices. Both 
full-rack and half-rack widths are 
available. The case’s standard 
heights are 3%- and 5%-in., with 
depths of 10.4- and 14.3-in. You can 
order custom sizes as well. $104.40 
to $170.70. 

Powerbox Inc, 1503 Spruce St, 
Boulder, CO 80302. Phone (8038) 
444-1461. 
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VME BUS UTILITIES 


@ Full C source code is provided 
@ Unix terminal controls debug- 
ging monitor 


RTools is a set of Unix utilities used 
for downloading, executing, and de- 
bugging application code on pro- 
cessors that have the same back- 
plane as the Unix processor but are 
not under control of the Unix oper- 
ating system. The instrument al- 
lows you to plug a VME Bus target 


WORLD'S 
SMALLEST 
DIP SWITCH 


lf you don’t have automatic insertion equip- 
ment, we’re banking that some day you will. To 
prove that, we’ll charge you the same low price 
for all your purchases—no more need for the 
low-volume premium prices you’re paying now. 


2,3, 4,5,6,7&8 


WITH STAPLED BUSINESS 
CARD TO YOUR LETTERHEAD 


& ENGINEERING 


1500 EXECUTIVE DRIVE 
ELGIN, IL 60120 


Anta. tan the it bill! 
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system directly into a development- 
system card cage. Development and 
target CPUs are linked via the VME 
Bus and dual-port memory of the 
company’s CPU boards. The pack- 
age includes source code in C, so you 
can modify or add to the software to 
meet specific requirements. De- 
signed for the company’s CPU 
boards, the software connects the 
Unix terminal to a firmware moni- 
tor on the remote CPU board. $360. 
Ironics Inc, 798 Cascadilla St, 
Ithaca, NY 14850. Phone (607) 277- 

4060. TLX 705742. 
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8051 EMULATOR 


@ Supports 8051, 8052, 8031, 8032 
wPs 
® Controlled by IBM PC 


The ICD-378 in-circuit emulator 
supports the 8051, 8052, 8031, and 
8032 single-chip wPs (including 


CMOS versions). An IBM PC, 
PC/XT, or PC/AT can control the 
device, which contains a menu-driv- 
en interface with an on-line help 
facility. It features symbolic debug- 
ging with 255 possible symbols and 
as many as 16,000 hardware break- 
points with the ability to break on 
program-counter value, op codes, 
addressing modes, or operands. The 
device works with all the wP’s spe- 
cial-function registers, has direct 
byte or bit addressing, and range 
breaking. It also features a soft- 
ware-driven chip reset, single-step 
instruction trace, built-in assembler 


and disassembler, and an op-code 
editor. Internal data memory and 
internal program memory are rele- 
gated to 64k bytes of high-speed 
static RAM. You can overlay the 
target system’s memory with emu- 
lation memory to 16-byte resolu- 
tion. Included is a 4k-byte- 
deep <56-bit-wide real-time trace 
buffer for capturing program execu- 
tion. $5995. 

Zax Corp, 2572 White Rd, Irvine, 
CA 92714. Phone (800) 421-0982; in 
CA, (714) 474-1170. TLX 183829. 
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WAVEFORM PRINTERS 


@ 16 levels of gray scale 
@ Prints in 16 sec 


The HC01 and HC02 video copiers 
provide B&W prints of waveforms 
or computer graphics displayed on 
instrument CRTs, TV screens, or 
PC monitors. The devices can re- 


(619 587-0471, (714) 261-9362, (714) 921 


Return To: 
Integrated Power Semiconductors, 2727 Walsh Ave,Suite 201, Santa Clara, CA 95051 


Name 
Title 
Company 
Address 
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Phone # 
Please send me the following information: LJ 
L] TO-218 Regulators 
L] Regulating PWMs 
L] Power Drivers 
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Brushless DC Motor Drivers 
Stepper Motor Drivers 

Custom Smart Power Capability 
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produce half tones in 16 levels of 
gray scale. An internal RAM stores 
video images with as many as 640 
dots by 512 lines. Photographic 
quality prints are available from the 
HCO01 in 17 sec, and from the HC02 
in 21 sec. You can load one image 
while printing another. In addition, 
you can select negative, positive, or 
inverted imaging by push button or 
by optional remote control. The 
printer accepts RGB signals at TTL 
levels. An 8-bit parallel port, 
ASCII-character generator, and 
bit-mode graphics allow the copiers 
to interface to computers. You can 
select by switch the type of compos- 


IP323AV-5 
IP323AV-12 
IP323AV-15 


ite-video input (NTSC, PAL, or 
SECAM). The HCO1 provides 
4x5-in. prints; the HCO2, 8x10-in. 
ones. $980 and $1275, respectively. 
Tektronix Inc, Box 1700, 
Beaverton, OR 97005. Phone (800) 

547-1512; in OR, (800) 452-1877. 
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POLARITY INVERTER 


@ Accurate to 0.1V dc 
@ 40-mV p-p output ripple 


Model PS-4580 is a hybrid tracking- 
polarity inverter that generates —4 
to —6V de from an input of 4 to 6V 
de. The device is accurate to within 
0.1V de. It comes in a 1<0.70X0.50- 
in. package and requires no external 
components or adjustments, ren- 
dering it suitable for PC cards re- 
quiring —5V de supply voltages. 
The device delivers a maximum of 
30 mA in output current and fea- 
tures short-circuit protection. It. 


+5V, 
+12V, 
+15V, 


will withstand an _ input-voltage 
surge to 23V de without damage. 
The device features 40-mV p-p out- 
put ripple and noise over a 20-MHz 
bandwidth, 65% efficiency at full 
load, and operation over —380 to 
+70°C with no derating. The device 
has a no-load current drain of 5mA 
max. $38.25 (100). Delivery, four to 
six weeks ARO. 

Computer Products Inc, Power 
Conversion Group, 2900 Gateway 
Dr, Pompano Beach, FL 33069. 
Phone (805) 974-5500. 
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uP SIMULATORS 


@ Versions available for the 8085, 
8048, and Z80 families 

@ Routines can be run single-step- 
ped or to multiple breakpoints 


These wP simulators, which you can 
run on IBM PC, PC/XT, and PC/AT 
computers and compatibles, let you 


———————— “ISK 


+125) to 35y. 
+1.25V to 35V, 


IP338AV 
IP350AV 


© 1982, Incredible Edibles, 
San Francisco, California 


RO. Box 246 
Blanchester, OH 45107 


1-800-221-708 


(in Ohio, call os 
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test and debug software modules 
before building target hardware. 
Versions are available for the 6300, 
6500, and 6800 families, as well as 
the 8085, 8048, and Z80. The simula- 
tors load your target program or 
data files in hexadecimal format, 
making them compatible with most 
crossassemblers and EPROM pro- 
grammers. You can run routines 
single-stepped or to multiple break- 
points. Status displays show not 
only the contents of the machine 
registers but also selected memory 
locations. Instructions are displayed 
disassembled and show the data 
about to be read or overwritten. 
You can change simulated-yP regis- 
ters and memory from the key- 
board. $75. 

Mecklenburg Engineering, Box 
744, Chagrin Falls, OH 44022. 
Phone (216) 338-8379. 
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SUPPLIES 


®@ Operate from 15A, 110V line 
@ Furnish 1- or 3-phase power 


The HE Series of programmable 
supplies includes two models, the 
310-HE and the 110-HE, which 
offer 3- and 1-phase power, respec- 
tively. Both have a 1000W output 
capacity across a frequency range of 
20 to 2000 Hz and require 1200W of 
power when operating at full load. 
These supplies can run from a 
standard 15A, 110V circuit. You can 
individually control output voltage 
and frequency, current limiting, 
and phase angle (in 3-phase sys- 
tems), either from a keypad on the 
unit’s front panel or via an optional 
IKEE-488 interface. The devices 
have the capacity to hold as many as 
100 programs. Both instruments 


display input and status information 
on an 80-character LCD. $5000 
each. 

Pacific Power Source Corp, 
15122 Bolsa Chica St, Huntington 
Beach, CA 92649. Phone (800) 854- 
2488; in CA, (714) 898-2691. 
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64180 ASSEMBLER 


© Supports extended I/O and arith- 
metic instruction sets 

@ Written in VAX assembly lan- 
guage 


A relocatable assembler for the 
Hitachi 64180 (an extended version 
of the Zilog Z80) runs on DEC’s 
VAX and MicroVAX computers. 
The assembler is written in VAX 
native code to optimize assembly 
speeds and to eliminate any symbol 
space restrictions based on system- 
memory limitation. The assembler 
supports the Hitachi extended I/O 
and arithmetic instruction sets. In 
addition, it has full relocation facili- 
ties, handles conditional code and 
macros, and features unlimited 
symbol storage. $3900. 

Boston Systems Office Inc, 128 
Technology Center, Waltham, MA 
02254. Phone (617) 642-5716. TWX 
710-824-0760. 
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DISASSEMBLERS 


© User-defined symbols 
® Output suitable for reassembly 


The DASM Series of disassemblers 
is available for PC-DOS or IBM 
PC-compatible MS-DOS computers. 
These disassemblers convert ma- 
chine code into an assembly-lan- 
guage source file. The programs 
feature mnemonic disassembly with 
user-defined symbols and data 
areas. The disassembler produces 
an ASCII text file suitable for input 
to the manufacturer’s MACx Series 
of crossassemblers. Included in the 
series are the DASM48, (8048 P); 
DASM51, (8051 wP); DASM65, 
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(65xx wP); DASM68, (6800, 6801, 
6803, and 6300 Ps); DASM6805, 
(6805, 63805 wPs); DASMZ8, (Z8 
uP); DASM7000, (TMS7000 wP). 
$100 each. 

Allen Ashley, 395 Sierra Madre 
Villa, Pasadena, CA 91107. Phone 
(818) 793-5748. | 
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50W SWITCHER 


@ Meets UL, CSA, and IEC380 
requirements 

@ Output voltages of 5, +12, or 5, 
+15 


A series of 50W triple-output 
switching power supplies offers an 
efficiency rate of 75% typ. The sup- 
plies meet UL, CSA, and IEC 380 
requirements. Output voltages in- 
clude 5 and +12 or 5 and +15. Input 
voltages are 90 to 182V ac or 230V 
ac (selectable). The switchers have 
a holdup time of 32 msec at full load. 
They also feature overvoltage pro- 
tection. The MTBF is 40,000 hours 
at full load and at 25°C. $52 (100). 
Power Sources International 
Inc, Box 70006, Reno, NV 89506. 
Phone (702) 972-1224. TWX 510- 
600-5831. 
Circle No 411 


DISK-DRIVE SUPPLIES 


@ Flexible packaging system 
@ High peak current 


This series of rigid disk-drive power 
supplies includes models FS04, 
FS06, and FS09, which all provide 
de outputs of 5, —12, and 24V. Out- 
put power is 40W for the FS04, 
160W for the FS06, and 200W for 
the FS09. The devices will power 8-, 
5%-, and sub-4-in. disk-drives; they 
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also provide additional power for 
peripheral circuitry such as control- 
lers and other logic devices. Each 
model has a 24V output that will 
deliver the high surge current 
needed for proper spindle-motor op- 
eration. The devices feature I/O 
connectors, power-entry modules, 
cooling fans, ac line filters, and ac 
panel assemblies with line cords and 


line-voltage selectors. Also provided 
are a variety of mounting facilities, 
optional heat-sink assemblies, and 
covers. FS04, $82; FS06, $120; 
FS09, $165. 

Power-One Linear Products, 740 
Calle Plano, Camarillo, CA 93010. 
Phone (805) 987-8741. TWX 910- 
336-1297. 
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. Senne 


‘to order. 
Maintenance free construction, _ 
stainless steel and plastic, 
appropriately finished to blend 

in well with a modern office 

or industri vironment. 


with space for system options © 
and a general purpose 
working area. 


Boling devices and acces 
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NEW PRODUCTS 


FIFOs 


@ 25-MHz operation and 200-mW 
typ power dissipation 

® Can cascade devices for increased 
word depth 


These 64-word CMOS FIFOs oper- 
ate at clock speeds as high as 25 
MHz and dissipate 200 mW typ. The 
family includes the 64x4-bit 
MV66401, the 64x5-bit MV66402, 
the 64x4-bit MV66408, the 64x5- 
bit MV66404, and the 64x9-bit 
MV66030. The last three have out- 
put-enable control. All the devices 
feature last-word retention. You can 
cascade devices to increase the 
number of FIFO words, or to in- 
crease the word width. Data input 
and output operations § are 
independent of one another, so you 
can use the FIFOs as an interface 
between systems operating at dif- 
ferent clock speeds. In ceramic 
DIPs, £14.58 to £21.25 (1000). 
Plessey Semiconductors Ltd, 
Cheney Manor, Swindon, Wiltshire 
SN2 2QW, UK. Phone (0798) 36251. 


MULTIPLIER IC 


e@ Performs 10 million multiplica- 
tions per second 
e TTL-compatible I/O 


The PDSP16112 digital-signal-proc- 
essing IC multiplies complex-num- 
ber data/coefficient pairs, with a 
throughput rate of 10 million multi- 
plications per second. The IC han- 
dles data words with 16-bit real and 
16-bit imaginary terms, and coeffi- 
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TLX 449637. 
Circle No 413 
Plessey Semiconductors, 3 
Whatney, Irvine, CA 92718. Phone 
(714) 951-5212. 
Circle No 414 


cients with 12-bit real and 12-bit 
imaginary terms. The resulting 
product is a rounded complex num- 
ber with 17-bit real and imaginary 
terms. Both the data and coefficient 
inputs must be fractional 2’s-com- 
plement numbers with a value be- 
tween—1 and +1. The 2’s-comple- 
ment product lies in the range of —2 
to +2. The PDSP16112 operates 
from 5V and dissipates 500 mW typ 
at a clock speed of 10 MHz. All 
inputs and outputs are TTL compat- 
ible. £191.25 (1000). 

Plessey Semiconductors Ltd, 
Cheney Manor, Swindon, Wiltshire 
SN2 2QW, UK. Phone (0798) 36251. 
TLX 449637. 

Circle No 415 

Plessey Semiconductors, 3 
Whatney, Irvine, CA 92718. Phone 
(714) 951-5212. 
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RAM BOARDS 


@ Ports to VME and VMX buses 
@ Respective capacities of 512k 
bytes and 1M byte 


With capacities of 512k bytes and 
1M byte, respectively, the SYS68K/ 
SRAM-8A and -3B are double- 
Eurocard static-RAM boards with 
dual ports to the VME and VMX 
buses. Their VME interface sup- 
ports 24- or 32-bit addressing with 
jumper-selectable address modifi- 
ers. The VMX Bus interface uses 
24-bit addressing. Both interfaces 
support 32-bit aligned, 32-bit nona- 
ligned, 16-bit, and 8-bit data trans- 
fers. Typical access times via the 
VME Bus are 82 nsec for write 
operations and 225 nsec for read 
operations. On the VMX Bus, the 
typical write access time is 75 nsec; 
read access, 250 nsec. The integrity 
of read-modify-write cycles is main- 
tained for both VME Bus and VMX 
Bus accesses to avoid contention be- 
tween the two buses in multiproces- 
sor systems. The memory area is 
divided into two equal areas; you 
can individually select the access 
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Extra cable means increased 
costs, decreased efficiency 
and increased stowage 
problems. - 


With Space-Mizer'’ you dont 
buy any more cable than you 
really need. “auwshHsik 


Until now, if you needed a 20 inch twisted pair IDC 
cable you had to buy 36 inches. If you needed a 
10 inch cable you had to buy 18. As the old saying goes, 

\ “That's the way it was.” 

Not any more. Woven Electronics is proud to announce 
the introduction of Space-Mizer™ cable. Using the superior 
qualities of our patented CIC design and combining it with 
state-of-the-art materials, we have developed a quasi-twisted 
pair cable easily terminated with IDC connectors. 

Space-Mizer™ has great electricals, flexibility, 
routability and durability. Best of all it can be terminated 
at any length. Never again will you be required to buy 
more cable than you really need. 


Thebottomline: 


The shortest distance between two connectors is Space-Mizer™. 


7 WUOUEN ELECTRONICS Phe Signal is Clear 


Phone (803) 963-5131 » TWX 810-287-2091 
P.O. Box 189 * Mauldin, SC 29662 


©1986 Woven Electronics 
Backplanes supplied courtesy of Teradyne Connection Systems, Inc. 
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... of Conventional 


In-Circuit Testing 


Let FACTRON help find them 


With conventional testers you 
can pay far more than the price — 
there are costs which are hidden, 
which can be brought to surface by 
three key factors:- 


Effectiveness: Improving 
fault coverage by just 5% can bring 
you 20% savings* in test and repair 
costs — to say nothing of the 
benefits of lower field returns. To 
achieve high fault coverage you 
need comprehensive tests; to 
maintain test quality, the system 
Should not be compromised by 
future technology. 


Efficiency: Trim 3 or 4 days 
from each program preparation 
task and you typically increase 
tester availability by 15% per 
annum* Achieving high machine 
efficiency requires more than good 
system reliability figures: you need 
quality automatic program 
generators, backed by efficient 
debug tools and fast test execution 
—all features of FACTRON 
in- circuit machines. 


Flexibility: For the highest 
production yields and throughput, 
consistent with quality, you require 
a tester that can handle several 
test methodologies; a tester that 
uses the optimal test strategy for 
your product. These factors are 
outside the realm of conventional 
machines — in short, you need 
PERFORMANCE IN-CIRCUIT TEST 
capabilities. 


FACTRON -Beyond the Conventional 


FACTRON test systems go 
beyond conventional testers. 
Designed to improve your process 
monitoring strategy, they integrate 
smoothly with powerful Productivity 
Management and off-line 
programming tools to further 
enhance the profitability and 
competitive edge of your company. 


* Call FACTRON today for all the 
information and we will show you 
how to achieve a return on 
investment that guarantees high 
productivity through the investment 
years and beyond 

...with no hidden costs. 


FACTRON SCHLUMBERGER, U.S.A: 299 Old Niskayuna Road, Latham, New York 12110. Tel: (518) 783-3600 


FACTRON SCHLUMBERGER, Europe: Ferndown Industrial Estate, Wimborne, Dorset BH21 7PP, U.K. Tel: (0202) 893535 
NISSEC SCHLUMBERGER, Japan: 1-2-10 Hirakawacho, Chiyoda-Ku, Tokyo 102. Tel: (03) 2397411 
SCHLUMBERGER SYSTEMS, Singapore: 12 Lorong Baker Batu, Singapore 1334. Tel: 7466344 


BENELUX Holland Tel: (040) 457745, FRANCE Tel: (1) 4687 3243, GERMANY Tel: (089) 638110, ITALY Tel: (2) 9233474, SWEDEN (8) 69973¢ 


FACTRON AGENTS/DISTRIBUTORS 
SPAIN Tel: (1) 2624913, SWITZERLAND Tel: (31) 442711, TURKEY Tel: (1) 338 3529 


Partners in Productivity 
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INTERNATIONAL 


address via jumpers. Onboard pow- 
er-fail detection engages a battery 
backup, which provides one year of 
data retention. SYS68K/SRAM-8A, 
DM 4995; -3B, DM 7960. 

Force Computers GmbH, Daim- 
lerstrasse 9, 8012 Ottobrunn, West 
Germany. Phone (089) 600910. TLX 
524190. 

Circle No 417 

Force Computers Inc, 727 Uni- 
versity Ave, Los Gatos, CA 95080. 
Phone (408) 354-3410. 

Circle No 418 


VME BUS CHASSIS 


®@ Comprises 19-in., 7-slot VME 
Bus backplane 

® Includes disk-drive mounting 
unit 


The PG9000 VME Bus chassis com- 
prises a 19-in. subrack equipped 
with a 7-slot VME Bus backplane 
for the horizontal mounting of dou- 
ble-Eurocard VME Bus pon a 
disk-drive mounting unit for one 
5%-in. floppy-disk drive and one 
5Y%-in. Winchester drive, and a 
power supply for the VME Bus sys- 
tem and disk drives. Two fans pro- 
vide forced-air cooling. LEDs in the 
front panel indicate power-on and 
system-fail status. The front panel 
also includes a keyswitch-protected 
system-reset button and an on/off 
switch. The chassis incorporates a 
line-input connector, protection 
fuses, a noise filter, and cutouts for 
a number of serial-interface connec- 
tors. A disk-drive adapter board 
and cabling, which you can use with 
the company’s PG8102 disk-control- 
ler VME Bus board, is also avail- 
able. Gld 7170. | 
Philips, Industrial and Electro- 
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acoustic Systems Div, Box 528, 5600 
AM Eindhoven, The Netherlands. 
Phone (040) 757005. TLX 51578. 
Circle No 419 
Philips and Signetics Microsys- 
tems Inc, 811 E Arques Ave, 
Sunnyvale, CA 94086. Phone (408) 
991-3544. 
Circle No 420 


SPEECH BOARD 


@ Provides 83 to 210 seconds of 
speech 
@ Allows quality/duration tradeoff 


The ISAS-P is a single-Eurocard 
speech-output board that uses 
EPROMs to provide between 83 and 
210 sec of high-quality sound out- 
put. By altering the sample rate of 
the continuously variable-slope 
delta-modulation speech decoder 
between 17k and 48k bps, you can 
make a tradeoff between sound 
quality and duration. The ISAS-P 


Supports structured vocabularies, 
requiring you to store commonly 
used phrases or groups of words 


only once. You can then construct 


various messages by combining 
these phrases or words. The board 
has a wP that provides a simple 
interface to an existing system via 
an 8-bit parallel port. Alternatively, 
you can activate one of 16 prepro- 
grammed messages by means of 16 
edge- or level-sensitive control 
lines. This CMOS speech board con- 
sumes 300 mA at 5V and at 12V. 
Output is direct to a 40, 2W loud- 
speaker, or via a 100-mV signal to 
an external amplifier. You can de- 


velop a custom vocabulary for the 
board using the company’s SDM300- 
T speech development system, 
which accepts sound input from a 
microphone. ISAS-P, DM 570 (100); 
SDM3800-T, DM 7950. 

Speech Design, Landsberger 
Strasse 38, 8034 Germering, West 
Germany. Phone (089) 849310. 
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PHASE-LOCKED LOOP 


®@ Operating frequencies reach 22 
: Madz 
© Linearity error is less than 0.4% 


The PC74HC4046A (CMOS compat- 
ible) and PC74HCT4046A (TTL 
compatible) PLL ICs are high-per- 
formance versions of the industry- 
standard, 16-pin 74HC4046 and 
T4HCT4046 devices. They feature 
an operating frequency as high as 22 
MHz and a linearity error of less 
than 0.4%. You can directly couple 


“SOURIAU'S FILTER CONNECTORS 


Among the major problems facing 
the electronics industry today are 
the protection of equipment against 
electromagnetic interferences 

and the compliance to FCC, 


VDE, and MIL-STD 461 
A/B regulations. 


Designed to perform 
in these environments, 
SOURIAU'’s filter connectors 
offer a cost-effective 
solution with : 

e optimum filtering 

e weight and space savings 
e low installation costs 
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LM CREATION 85 


Based on international standards, 


they are fully intermateable 
and intermountable 
with the MIL-C-26482 
and MIL-C-38999 
circulars, 


y” as well as the MIL-C-24308 


rectangulars. 


Call or write today 
for complete information. 


aff SOURIAU 


Filter Connector Dept. 


3, av. du Ml-Devaux - 91550 Paray-Vieille-Poste - FRANCE 
Tel. : (1) 46.87.23.23 - Telex : 270 767 - Fax. : 45.60.58.69 
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each phase comparator’s signal 
input to signals with standard HC- 
family input logic levels, or you can 
ac couple the input to a small signal 
voltage. When you use ac coupling, 
_aSelf-biasing input circuit maintains 
small signal inputs within the linear 
region of the input amplifier. You 
can deactivate the PLL’s oscillator 
via a VCO-inhibit input, which also 
reduces the device’s current con- 
sumption to 8 pA max (at 25°C 
ambient temperature). The PLLs 
are available in versions that oper- 
ate over —40 to +85°C and —40 to 
+ 125°C. $1.08 (100). 

Philips, Elecoma Div, Box 528, 
5600 AM Eindhoven, The Nether- 
lands. Phone (040) 757005. TLX 
51578. 
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Signetics Corp, 811 E Arques 
Ave, Sunnyvale, CA 94088. Phone 
(408) 991-4571. 
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SCSI BOARD 


@ Uses 68008 pP in VME Bus sys- 
tem 
@ Provides 32-bit data transfers 


In VME Bus systems, the 68008 wP 
on the PME-SCSI-1 interface card 
relieves the host CPU of many of 
the tasks associated with the trans- 
fer of data to or from SCSI-based 
mass-storage devices. To transfer 
data, the host CPU constructs a 
high-level, device-independent pa- 
rameter block in VME Bus global 
memory, and it places a pointer to 
the command block in the interface 
board’s 2k bytes of dual-port RAM. 
The PME-SCSI-1 then fetches the 
command block and transfers data 
accordingly between the SCSI in- 
terface and the VME Bus under 
DMA control. The board can handle 
as many as 16 separate I/O opera- 
tions concurrently. The DMA con- 
troller uses 32-bit addressing into 
the VME Bus address space and can 
handle 32-bit data transfers. The 
maximum data-block size it can 
transfer is 512k bytes. A 51232-bit 
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FIFO on the interface card buffers 
data between the VME and SCSI 
buses to maximize data throughput. 
This operation allows the SCSI bus 
to transfer data asynchronously at 
data rates as high as 1.5M bytes/ 
sec. At the end of an I/O operation 
you can either poll the interface to 
determine its current status or pro- 
gram it to generate a VME Bus 


interrupt. £1296. 

Plessey Microsystems Ltd, 
Water Lane, Towcester, Northants 
NN12 7JN, UK. Phone (03827) 
50312. TLX 31628. 
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Plessey Microsystems, 1 Blue 
Hill Plaza, Pearl River, NY 10965. 
Phone (914) 735-4661 
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ANALOG IS ALIVE 
AND WELL IN: 
A Designer’s Guide to 
Innovative Linear Circuits 


As exciting as digital technology 1s, 
you still need analog circuitry to 
operate on signals from real-world 
sources. Now, EDN 1s offering a 


wealth of analog design information 


in A Designer’s Guide to Innovative 
Linear Cireutts. 
This 186-page collection of articles 


was developed by Jim Williams, one 


of America’s foremost linear-circuit 
designers. It includes practical and 
efficient ways to use op amps, com- 
parators, data converters, and other 
analog ICs, and discusses the the- 
ories behind all the design tech- 


niques presented. 


DRAFT ONLY) 


money order made 
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AI TOOL 


e Runs under Common Lisp 
e Provides graphics interface 


You can use Art (automated reason- 
ing tool), an AI-based software tool, 
for the design and development of 
AI applications. It requires a Lisp 
environment and uses Common 
Lisp (from Sun Microsystems Inc) 
with a front-end from the manufac- 
turer. It runs on general-purpose 
computers, such as Sun-3, and of- 
fers a graphics capability for win- 
dowing and drawing. First and sec- 
ond copies, $65,000 and $45,000, 
respectively. 

Inference Corp 5300 W Century 
Blvd, Los Angeles, CA 90045. 
Phone (213) 417-7997. : 
Circle No 426 


TRANSLATOR 


@ Provides format conversion for 
multiple word processors 

@ Supports standard document-in- 
terchange formats 


Using Softpak on an IBM PC, 
PC/XT, PC/AT, or compatible com- 
puter, you can translate documents 
written in one word-processing for- 
mat into another format. For exam- 
ple, you can translate documents 
written in Multimate into a Word- 
star format, then back again into 
Multimate. The system operates on 
IBM PCs that are linked in a LAN, 
or to minicomputers or mainframes. 
It also handles document-inter- 
change formats, such as DEC/DX, 
DCA, and Com.File, which allow 
you to exchange documents with 
users of different PC-based word- 
processing programs in remote loca- 
tions. The program features a 
multiwindow, menu-based section 
that guides you through the transla- 
tion process. It also has context- 
Sensitive, on-line help menus. The 
system requires an IBM PC, 
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‘DATABASE SYSTEM 


SOFTWARE 


PC/XT, PC/AT, or a compatible 
computer having 512k bytes of 
memory and running DOS 2.0 or 
above. $449. 

Keyword Office Technologies 
Inc, 2816-11 St NE, Calgary, Al- 
berta, Canada T2E 787. Phone (403) 
250-1770. 
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@ Selects, sorts, and retrieves tex- 
tual information 

® Generates reports containing 
item counts 


Inmagic Version 7 is a management 
system that organizes, controls, and 
provides access to text-based infor- 
mation. It offers full-screen editing, 
password protection for field- and 
function-level security, and basic 
arithmetic functions. The system 
features flexible text management 
and retrieval. You can locate a re- 
cord by using a few of the words in 
its title or the first few letters in the 
author’s name. The system accepts 
information in fields that are varia- 
ble in length and have no size limita- 
tion; it allows multiple entries. The 
system also offers term, word, or 
word-stem_ retrieval; Boolean 
search commands (And, Or, Not); 
seven collating sequences; index 
browsing; and on-line help and tu- 
torials. You can combine, save, and 


perform search strategies without 
retyping. You can also design cus- 
tom reports, mixing columns and 
paragraphs on a page. For the IBM 
PC/XT, PC/AT, and compatibles, 
$975; for the DEC VAX, $13,500. 
Inmagic Inc, 238 Broadway, 
Cambridge, MA 02139. Phone (617) 
661-8124. TLX 709548. 
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3-MODULE PACKAGE 


@ Standard data-collection and 
-plotting tools 

® Curve-fitting to Gaussian, 
Lorentzian, or Voight profiles 


To use the Scientific Software Pack- 
age, you need an IBM PC or PC/AT 
with 256k bytes of RAM, two 5%-in. 
floppy-disk drives, and an 838-key 
keyboard; a Hercules color/graphics ° 
display card with a printer port, 24 
rows of 80 characters, and 640 x 200- 
pixel graphics; and an AST I/O Plus 
clock/ealendar card with an RS- 
232C port. Also required are the 
DOS 2.1 operating system; an 
Amdek 300G 12-in. screen; and the 
manufacturer’s analog I/O board 
with 16 differential A/D-converter 
inputs, 4 D/A-converter outputs, 
and 16 bits of parallel I/O that are 
pin compatible with an Opto-22 16- 
station I/O strip. The package com- 
prises three modules: Module 1 in- 
cludes Collect (a _ standard 
data-collection program), Plotet 
(plots collected data on an H-P plot- 
ter), and Nucofs (scales and linear- 
izes stored data); Module 2 features 
the Gaussian, Lorentzian Curve Fit 
program; and Module 8 provides the 
Voight Curve Fit program. Module 
1, $8300; Modules 2 and 3, $2750 
each. 

Spectra-Physics Inc, Laser Ana- 
lytics Div, 25 Wiggins Ave, Bed- 
ford, MA 01780. Phone (617) 275- 
2650. TLX 9238324. 
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SOFTWARE 


ANALYSIS TOOL 


@ Analyzes your computer or 
communications network 

@ Lets you define an existing sys- 
tem or a fictional one 


The Performance Analysis Tool Box 
(PATB) is a computer and communi- 
cations performance-analysis tool 
that runs on an IBM PC or compati- 
ble computer. The software lets you 
simulate a variety of centralized and 
distributed computer-system archi- 
tectures. Using the software’s hier- 
archical menu tree, you describe a 
system in terms of hardware compo- 
nents and capacities; resources 
needed to complete a software task; 
communications capacities and their 
requirements; and workloads in dif- 
ferent parts of the system. Error 
and warning messages aid you in 
constructing a model. You define 
conditions for model execution, exe- 
cute the model, and analyze the 
results; help menus are available at 
every level of the menu tree. You 
receive a variety of reports, includ- 
ing one on workload throughput, 
response time, and device use. You 
can ask hypothetical questions with- 
out reconstructing the model. The 
program runs on an IBM PC or 
compatible computer (running DOS 
2.1 or higher) with a hard disk, 640k 
bytes of memory, and a floating- 
point coprocessor. $10,000. 
Computer Technology Associ- 
ates Inc, 7927 Jones Branch Dr, 
Suite 600W, McLean, VA 22102. 
Phone (703) 848-2700. 
Circle No 430 


MULTIUSER SYSTEM 


@ Supports as many as 16 users 
e Memory management of 8.1M 
bytes 


The Xenix System V/286, a multi- , 


user, multitasking operating system 
developed by Microsoft Corp (Red- 


mond, WA), enhances the perfor- 


mance of the manufacturer’s Desk- 
Pro 286 and Portable 286 personal 
computers. It comprises three mod- 


EDN September 18, 1986 


ules. The base operating system 
contains the Xenix kernel and 
standard utilities, including those 
used to access disks formatted 
under MS-DOS. The software de- 
velopment system contains a C com- 
piler, a linker, a macroassembler, a 
source-code control system, and 
other software development utili- 
ties. The text processing system 


The new 


Now you can take advantage of 
the space savings and low cost- 
per-amp of quads without 
trading off performance. You 
get the speed, input precision, 
and bandwidth you need from 
the industry's first high 
performance D/fef ® quad 
op amp. And it’s pin-compatible 
with most popular quads so 
you can upgrade your designs 
quickly and easily. Compare 
these specs: 


Offset voltage..... +750uV max 


Bias current ........ +4pA max 
Bandwidth ........-.... 6.4MHz 
Slew rate............. 35V/usec 
Settling to 0.01% ....... 1.5usec 
Noise at 10kHz...... 12nV/./Hz 


D/fet ® Burr-Brown Corporation 


A Quad Fast FET 


includes text formatters, macro 
packages, and other document- and 
word-processing utilities. This ver- 
sion of Xenix supports 20M-, 30M-, 
or 70M-byte fixed-disk drives; inter- 
nal fixed-disk drive backup; and 
dual-mode monitor of the company’s 
286 personal computers. The sys- 
tem allows you to address 8.1M 
bytes of RAM. You can also have 


OPA404: 


35V/jusec 
t4pA 


Ask your Burr-Brown sales 
representative for full details. 


Or contact Applications 
Engineering, 602/746-1111. 


Burr-Brown Corporation, P.O. 
Box 11400, Tucson, AZ 85734. 


BURR -BROWN® 


improving Analog 
Productivity 
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SOFTWARE 


several parallel and serial printers 
connected and running simultane- 
ously. Transfers of files is possible 
in either direction between the 
MS-DOS partition and the Xenix 
partition of a fixed disk. An in- 
creased number of programmable 
keys is available. The system also 
allows you to install third-party de- 
vice drivers without using the soft- 


Oak rockers fit your design 
parameters. Choose from miniature, 
single and double pole, lighted and 
non-lighted varieties, in an assort- 
ment of colors and styles. Off-the- 
shelf capability means prompt 
delivery. Our rockers are designed to 
retrofit most existing switches and 
are UL, CSA and VDE approved. 


Oak rockers fit your quality 
standards. Our half century of 
switch experience is your assurance 
of peak product performance. 


Oak rockers fit your budget. Manu- 
facturing know-how enables us to 
deliver the top quality rockers you 
need at a price that will make you 
more competitive. Specify the rocker 
switches that will fit all your require- 
ments. Specify Oak rockers. 


For Sales Call Circle No. 84 
370 


Phone 815/459-5000 @ TWX 910-634-3353 


OAK 


Quality & Affordability 


ware development package. It re- 
quires a minimum hardware 
configuration of a 20M-byte fixed- 
disk drive, 512k bytes of RAM, and 
a 1.2M-byte disk drive. Three users 
can be simultaneously logged into 
the system; more users can be 
added by installing a third-party 
multiport board. Basic operating 
and software-development systems, 


OAK Switch Systems Inc. 
P.O. Box 517 @ Crystal Lake, Illinois 60014 


For Literature Circle No. 123 


$599 each; text processing system, 
$199. 

Compaq Computer Corp, 20555 
FM149, Houston, TX 77070. Phone 
(718) 370-0670. 
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MATH PROGRAM 


@ Manipulates as many as 20 sym- 
bolically defined variables 
@ Solves differential equations 


SciMath is a command-driven scien- 
tific mathematics program that al- 
lows you to perform numerical cal- 
culations without any program- 
ming. It runs on the IBM PC/XT, 
PC/AT, and compatible computers. 
Using this program, you can evalu- 
ate mathematical expressions and 
symbolically define and manipulate 
the functions of as many as 20 varia- 
bles. You can also define new func- 
tions by giving a table of function 
values and allowing the program to 
perform higher order interpolation 
automatically. The program’s com- 
mands include one to solve tran- 
scendental equations, perform nu- 
merical differentiation and integra- 
tion, solve systems of simultaneous 
linear equations, and perform a va- 
riety of other vector and matrix 
operations. The program can also 
define and solve arbitrary systems 
of differential equations. This fea- 
ture allows you to treat the solutions 
as defined functions subject to all 
the program’s subsequent opera- 
tions. The program offers a range of 
graphics features that display func- 
tion and data values, including X-Y 
plotting and 3-D_ perspective-sur- 
face plotting. A built-in program- 
ming language is also available for 
advanced applications. The pro- 
gram uses the 8087 or 80287 math 
coprocessor. $350. 

Spindrift Software Inc, 539 G 


‘St, Suite 111, Eureka, CA 95501. 


Phone (707) 442-7150. 
Circle No 432 
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_ PRODUCT MAR 


This advertising is for new and current products. 


Please circle Reader Service number 
for additional information from manufacturers. 


= Accepts two K/J-type 
thermocouples. 


# Scans both inputs and 
their difference. 


# Min-max recording. 
= Rugged. 
m 3-year warranty. 


Fluke 52 


® 


John Fluke Mfg. Co., Inc., P.0. Box C9090, M/S 250C, 
Everett, WA 98206, Toll-free: 1-800-227-3800 ext. 229. 
© Copyright 1986, John Fluke Mfg. Co., Inc., Ad No. 4704-50. 
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DEVELOPMENT SUPPORT FOR 
8 AND 16 BIT MICROPROCESSORS 


Sophia's line of Portable System Analyzers and In-Circuit 
Emulators offers comprehensive design support for HITACHI, 
INTEL, MOTOROLA, NEC, ROCKWELL AND ZILOG MPUs. 
FEATURES 
¢ No Wait State Emulation 
e Communication Support - PC, VAX, VMS, UNIX & Others 
e Multiple CPU Support Via Probe Changes 
e Symbolic Debuggers, Editors, Assemblers, 

Linkers, High Level Language And More 
e Built-In 2K Trace Buffer And Prom Programmer 


SOPHIA SYSTEMS 
3337 Kifer Rd., Santa Clara, CA 95051 
800/824-9294 (Calif 800/824-6706) 
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Judson 
Ge Detectors for Fiber Optics 
at 1300nm and 1500nm 


Judson Infrared Ge photodiodes provide optimum 
performance for a full range of fiber optic applica- 
tions at 1300nm and 1500nm, including: 

@ solid state laser testing M™ laser feedback control 
@ fiber attenuation @ optical power meters 
measurements 

Judson offers a full range of Ge detector packages 
and standard sizes from 0.8-1.8 micron. Our other high 
quality infrared detector categories include: 

@ HgCdTe (2-22 micron) @ inSb (1-5.5 micrometers) 
@ InAs (1-3.5 micrometers) 

Call or write today for a copy of our detailed, 

20-page capabilities/product brochure. 


JUIDSORI 21 Commerce Drive 
INFRARED Montgomeryville, PA 18936 
yf INC. (215) 368-6900 Telex: 846120 
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THUNDER/PLUS 80186 HIGH PERFORM- 
ANCE IEEE 696 BUS (S100) SINGLE BOARD 
COMPUTER. THUNDER PLUS offers: 512KB or 
1 MB RAM, up to 64KB of EPROM/ROM, 5% & 
8” FDC, 2serial ports, 1 parallel port, optional 10 
MHz 8087 math processor. Software supported: 
PC-DOS, MS-DOS, & CONCURRENT DOS (1 to 
8 users). PRICE starts at $1195.00, INCLUDES 
CONCURRENT-DOS (single user), significant 
OEM discounts. Runs circles around similar 
MULTIBUS & STD BUS prods. LOMAS DATA 
PRODUCTS, INC. 182 Cedar Hill St., Marlboro, 
MA 01752, Tel. 617-460-0333 
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EE/EPROM PROGRAMMER...with 
Eraser...the ‘‘BEST”’ for $1295." 
——— DIGELEC Model 824 ———— 
@ RAM 512K, upgradeable to 2048K 
@ Programs 2716 to 271024, upgradeable 
@ MOS, CMOS, 40-pin micro P’s, no adapters 
@ Programs virtually all mfg’s, 220+ devices 
@ Time-saving quick-pulse & Int. algorithms 
@ Complete stand-alone editing, 16-char. display 
@ RS-232 Remote control, translation formats 
@ Optional IBM-PC/AT menu-driven S.W. 

*SPECIAL INTRODUCTORY PRICE 

PHONE 201-493-2420 

DIGELEC, Inc., 1602 Lawrence, Ocean, NJ 07712 


@ Also mfg of LOGIC, GANG, OEM, PC Board, 
& UNIVERSAL PROGRAMMERS 
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STARLAN LOCAL AREA NETWORKS 

BUS COUPLING TRANSFORMERS 
AIE Magnetics introduces new transformers for 
coupling Manchester encoded data at 1 MHz data 
rate to a 92 ohm twisted pair bus in conformance 
to IEEE Standard 802.3 1BASE5. Used for both 
transmit and receive functions, these transformers 
provide the DC isolation and high voltage safety re- 
quired between the bus and the LAN controller or 
transceiver circuitry. 


AIE Magnetics 
701 Murfreesboro Road 
Nashville, Tennessee 37210 
615/244-9024 
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1 MB MASS MEMORY MODULE. 


Mass Memory Modules—the size of a business 
card @ Install directly over board components ¢ 
1 megabyte DRAM board with controller has 
140 ns. access time @ 512K low power SRAM at 
150 ns. ¢ 512K fast SRAM at 60 ns. ¢ Utilizes 
surface mount technology and plugs into 2 SIP 
sockets which occupy 0.7 sq. in. of board. Avail- 
able from stock. TL Industries, Inc., 2541 Tracy 
Rd., Toledo, OH 43619. 419/666-8144. 


TL INDUSTRIES 


MOTOROLA® MICROMODULE MM 17 
COMPATIBLE MIKUL® 6809 BOARD. 


Provides greater flexibility at lower cost ¢ 6809 
based with 8/16 bit architecture ¢ Two RS-232 
C’s, DTE or DCE ¢ Six 28 pin JEDEC sockets sup- 
port 64K of RAM, ROM, EPROM and EEPROM e 
Buffered parallel I/O, 16 bit data and 4 control 
lines ¢ 1.50r2 MHztiming ¢ Available from stock. 
TL Industries, Inc., 2541 Tracy Rd., Toledo, OH 
43619. 419/666-8144. 


TL INDUSTRIES 


FIRST MOTOROLA MVME 117-3 COMPATIBLE BOARD. 


The MIKULTVME 1611 is a surface mount, direct 
plug-in replacement for the MVME-117-3 e 68010 
at 1OMHz, site for 68881 © 512K expandable to 
1 megabyte using SIP strips © Two 8 bit parallel 
and 1 serial port ¢ SCSI interface, battery backed- 
up clock, 4 EPROM sockets for up to 256K 
EPROM e Available from stock. TL Industries, 
Inc., 2541 Tracy Rd., Toledo, OH 43619. 
419/666-8144. 


TL INDUSTRIES 
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FREQUENCY 
MEASUREMENT 
AT LOW 
FREQUENCIES? 


Use CMS1010 or CMS1020 Frequency 


Small Space 


Converters to measure frequencies of Advertising 
less than 0.1 Hz to greater than 1100 Hz. For Big 
e Pulse to Pulse Response Results 
e Selectable Output Filtering rs 
| oe e —40to +85C versions 
Dependable Communications EDN Product Mart 


e Crystal controlled accuracy 


Crystek Crystals offers their new 16 page 


free catalog of crystals and oscillators. Of- CMS1010 CMS1020 

ee ele zs es ans oS tue Digital Output Voltage Output 
manufactured by the latest automate ; 
technology. Custom designed or “off the 28 Pin IC Pkg 40 Pin Module 
shelf,” Crystek meets the need, worldwide. $72.00 (10’s) $117.00 (10's) 
eee oend CUSTOM MICRO SYSTEMS 
CRYSTEK CRYSTALS 

1000 Crystal Dr. « Ft. Myers, FL 33907 INCORPORATED 

P.O. Box 06135 « Ft. Myers, FL 33906-6135 BOX 9472, LIVONIA, MI 48151 

TOLL FREE 1-800-237-3061 (313)-559-5397 
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ee DIGITAL 
DISPLAY 
BEZELS 


fo] PLASTIC BEZELS & FILTERS 


| ¢ INSTALLS RAPIDLY WITHOUT TOOLS 
e PROVIDES ATTRACTIVE 
PANEL APPEARANCE 
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NEVER BEFORE AVAILABLE... ae | * VARIETY OF FILTER COLORS 
e PIN-GRID-ARRAY TEST CLIPS . y JC ‘toe 
e LCC/PCC TO DIP ADAPTORS ° 8 SIZES - 13/5” to 8” S - eae (/ 
e DIP (LOW PROFILE) TEST CLIPS allow quick and reliable prototype of VSLI in LCC and PGA packages on 
¢ LCC/PCC TEST CLIPS standard and high density wirewrap panels. Test assist devices route 
° DIP TO PGA ADAPTORS = uk oat VLSI pins to ribbon cable headers to facilitate probing. Device sizes - 


68 to 149 pins. Processors supported include Intel 80186 family, 68000, 
68020, 80386, 32132, and signal processing IC’s. Constructed with gold 
machined pins. Ribbon cable adaptors for 40 and 64 pin DIP’s. Fast turn- 
around on customs. Customs done on test assist or prototype adaptors 
to any type of wirewrap board. 
IRONWOOD 
PO BOX 21-151 ST. PAUL, MN 55123 


e PGA BREADBOARD ADAPTORS 


CALL OR WRITE FOR OUR COMPLETE CATALOG 


— (312) 879-0020 — 
| | RMF PRODUCTS 
415/960-0652 Sis PO BOX 520, BATAVIA, IL 60510 (612) 431-7025 
CIRCLE NO 272 CIRCLE NO 273 CIRCLE NO 274 
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Emulation Technology Inc. 


422 Ives Terrace 
Sunnyvale, CA 94087 


ITT Cross-Flow 
Sowers ate 


Less air turbulence means less 
noise, fewer hot spots, and — in 
many cases — fewer cubic feet of air 
needed to do a given cooling job. 

ITT Cross-Flow Blowers are lower 
in profile, too, measuring only 2.3 
inches or 60 mm high. Blowers 
deliver 20 to 600 cfm. 


ITT Schadow Inc., a subsidiary of ITT Corpora- 

tion, 8081 Wallace Road, Eden Prairie, MN 55344. 
(612) 934-4400. 

For an ITT Schadow Catalog, Circle No. 221 

For Sales Engineer Call/Samples, Circle No. 220 
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HIGH POWER DC REGULATED 
POWER SUPPLIES 1.5 and 3kw 


rating. 52 standard models with outputs 
ranging from 12 to 480 Vdc at 3 to 200 
amp. Units are compact and lightweight, 
up to 88% efficient and available in rack- 
mount or OEM module versions. 
Features include low-ripple, high MTBF 
and capability for custom design 
variations. For details, call: DISPLEX, 
INC., 1 Alexander Place, Glen Cove, 
New York 11542 (516) 671-4400. 
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For 
New Product News 
Call 
1-800-VIDEOLOG 


“It’s there when 
you need it? 


in Connecticut (203) 838-5100 


Videolog 


The fastest way to find 
electronic components. 
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Pro68 680 x 0 Processor Card 


Pro68 680 x 0 Processor Card for IBM PC, XT, 
AT and compatible. Contains 680 x 0 MPU, 10, 
12, 15Mhz, 1Meg memory, 2 serial I/O, 68K 
expansion bus. Systems include OS9/68K, 
CPM68kK, PC DOS68, UNIX V. Languages 
include C, Asm., Fortran, Pascal, Basic, Forth. 
Supports 68000, 68010, 68020, floating point 
chip, memory expansion to 6 meg., up to 16 
serial channels, plus more. Dealer/Dist. in- 
quiries welcome. OEM prices start at $495. 


HSC Inc. 
267 North Main, Herkimer, NY 13350 
(315)866-7125 
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HPIL STEP MOTOR DRIVER 


INTERLOOP Model 200 runs from any computer 
with an HPIL port. Drives 4 phase step motors to 24V 
and 5A. Runs 1 of 4 motors from 0.15 to 4,000 + 
step/sec. Power req: 24V, 0.5A. Programmable in 
volts, current, speed and acceleration. Price $690. 
Other HPIL control and wiring products available. 
NOTE: HPIL to HPIB interface available from Hew- 
lett Packard. 


interloop 
24100 Big Basin Way 
Saratoga, CA 95070 
408/867-6100 
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Advanced Active 
Filter Design Software 


Active filter design program release 
2.00 designs most types of active 
filters, including elliptic. Calculates 
values for MFB, VCVS, biquad, state 
variable and Reticon filter circuits. In- 


teractive graphics for gain, phase’ 


and group delay frequency response 
and impulse or step response of the 
complete filter or individual section. 
Cascade filters or modify circuits and 
observe effects. $450 
RLM Research 
PO. Box 3630 
Boulder, CO 80307-3630 
(303) 499-7566 
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ROTARY 
SINGLE-TURN 
MULTI-TURN FILM 


POTENTIOMETERS 


In offering this broad range of infinite 
resolution conductive film potentio- 
meters, with their many standard and 
customized configurations, Vernitech 
continues to supply your industry with 
extremely reliable, long life products. 


Cail or write VERNITECH, 300 Marcus Bivd., 
Deer Park, New York 11729 e 516-586-5100 
e TWX 510-227-5079 
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VMEbus USERS! 


* 


VME/SCSI * 
HOST ADAPTER 
AVME-1686-XXX 


SCSI BUS INTERFACE . 

e Full SCSI Bus implementation - ANSI X3T9.2 Rev. 17-B 

e SCSI 1/0 Section based on the NCR 5385E/5386 Protocol Controller 

e Asynchronous Data transfer > 1.5 MB/sec - Synchronous 
> 3.0 MB/sec 

e Single-ended Drivers and Receivers to the SCSI Bus 

ON-BOARD DUAL PORT MEMORY 

¢ From 16 to 256 KBytes of Static Read/Write aegtal 

e On-board DMA Logic for Transfers to/from the SCSI Bus 

VMEBUS INTERFACE 

¢ A 16 to 256 Kbyte Memory Block for Accessing the Dual Port 
Memory 

e A 64 Byte Memory Block for Accessing the Control/Status 
Registers 

e Vectored Interrupts Generated on Various SCSI Bus Conditions 


applied control concepts, inc. 


6589 no. sidney place glendale, wisconsin 53209 
telephone 414/351-2550 
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MULTIBUS: 


Your Time Has Come! 


The mSBX-241™ 
Multimodule is a 
robust, precision Real- 
Time Clock/Calendar 
in SBX format with on- 
board battery backup. 


General Features: 
C] For high performance systems: 

no wait states or software overhead 
CJ Attaches to all SBX and BLX compatible Multibus boards 
(_] Programmable alarm clock and periodic interrupts 
(_] 12 or 24 hour time modes, in both BCD and binary format 
] Internal 100 year calendar with leap year compensation 
_] Selectable automatic Daylight Savings compensation 
L] Contains fifty bytes of general purpose non-volatile RAM 
_] RMX-86/286 drivers supplied on diskette 


For more information contact: 


Medinova Corporation 

Intelligent Systems Group 

244 West Court, Palatine, Illinois 60067 
Telephone (312) 934-4700 


Multibus, Multimodule TM Intel Corp. 
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NEW ENGINEERING SOFTWARE 


Filter designs active filters up to order 30. Bessel, 
Butterworth, Chebyshev, Allpass; High, Low Band- 
pass and Bandstop. Fully menu driven, Filter 
designs, plots, and selects component values for any 
filter in seconds. LSAP analyzes linear systems 
producing Bode, Nyquist, Impulse, Step Response 
and Root-Locus plots. Micro-CSMP simulates con- 
trol and servo systems with full support for non- 
linear behavior. Filter is $750, LSAP is $450, Micro- 
CSMP is $900 for the IBM PC. 


California Scientific Software 
1159 North Catalina Ave, Pasadena, CA 91104 


(818) 798-1201 
CIRCLE NO 284 


EPROM PROGRAMMER 
Model EP-2B-87 with RS-232, MS-DOS or 
CP/M software. Programs 2708, 2716, 
TMS2716, 2732, 2732A, 2532, 2764, 2764A, 
27064, 27128, 27256, 27512, 27513, 2564, 
MCM68764 EPROMs; 2816A, EEPROMs; 
8751, 38E70 MPU. Intel, Motorola, and 
Tektronix formats. Stand alone copy, edit, 17 
RS-232 commands. $395 for 8K byte buffer. 
Personality modules $18 to $36. 

Optimal Technology 

Earlysville, VA 22936 

_ 804-973-5482 
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This is an IBM 370 channel. 
(Just ask any peripheral.) 


DW110 PACE Channel Simulator System 


The PACE is a compact simulation system which 
emulates an IBM mainframe I/O channel. 


The PACE runs at full channel speeds and allows you 
to test 370-compatible peripherals quickly and easi- 
ly, without tying up a large, expensive mainframe. 
PACE is user-programmable and executes its own 
CCWs. Applications include Design, Manufacturing, 
QA, Field Service, and Trade Shows/Product Demos. 


Data/Ware Development, Inc. 
4204 Sorrento Valley Blvd. 
San Diego, CA 92121 
(619) 453-7660 
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C CROSS-COMPILERS 
MACRO CROSS-ASSEMBLERS 


6801/6301 68HCi1 
6805 68000/10 


6809 68020 


VAX, PDP-11: TM of Digital Equip. Corp. 
IBM: TM of int'l. Business Machines 


INTROL CORPORATION 


647 W. Virginia St. 
Milwaukee, WI 53204 
(414) 276-2937 
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WAVEFORM 
SYNTHESIZER 


e For IBM-PC/XT/AT and 
compatibles 

e Generates user-definable signal 

e Up to 2000 points per envelope 


$795.00 
QUA TECH, INC. 


478 E. Exchange St. Akron OH 44304 
(216) 434-3154 TLX: 5101012726 
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DE 1000 


@ portable, independent, easy to use development system works under 
MS-DOS, PC-DOS, VMS, MICRO-VMS, UNIX and XENIX. 

@ SLICE - source language in-circuit emulation - non-intrusive sym- 
bolic de-bug package for C and assembly level code. 

@ universal - supports various families: 8086, 8088, 80186, 80188, 
80286, 68000, 68010, 68020. 

@ powerful breakpoints, triggering and trace capabilities on C, assembly 
and bus cycles. 

@ on-line assistance available. 

It's the world’s best microprocessor development system. Challenge 

us to prove it. Call 1-800-435-5001 or 617-769-2980. 


EMULOGIC 


One Edgewater Drive, Brookside Park 
Norwood, MA 02062 
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Want 
Attention From 
137,000 
Engineering 


SpceMierst 


Place your ad in 
EDN Product Mart. 
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ELIMINATE DECOUPLING CAPACITORS 


AP-8 ELORE COMPONENTS INC 


CAP-BUS® CAPACITOR/BUS BAR 
Eliminate the decoupling capacitors and the 
power and ground traces from your PCB for 
more reliability. CAP-BUS® has a distributed 
Capacitance of .05 micro-farads per lin. in., at 
50 VDC with low inductance and low im- 
pedance. The capacitor and the bus bar have 
been joined together for CAP-BUS®; a more 
efficient capacitive decoupled power dis- 
tribution system, increasing IC density on a 
two sided board. 


ELDRE COMPONENTS, INC. 1500 Jefferson Rd. 
Rochester. NY 14623 
(716) 427-7280 
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A Lot 
For A Little 


Reach 137,000 
specifiers of electronics 
components, equipment, 
and systems for 
only $725. 


6 
EDN Product Mart 
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LOW COST 
DIGITAL SIGNAL 
PROCESSING 
STAND ALONE TMS32010 
DEVELOPMENT SYSTEM 


oO 
Microcraft’s DSP-320 System 
Ideal For Research, Development, Teaching! 
@ Digital Board: 20 MHz TMS32010, 4K RAM 
space, ROM software, RS-232 port. 


MTW2805S - MINIATUR 
DC-DC CONVERTER - 30 WATTS 


Integrated Circuits Inc. announces the MTW2805S, the latest 
complement to their line of high efficiency, thick film hybrid, DC- 
DC Converters. 

Measuring only 1.95” x 1.35” 0.50” the hermetically sealed 
MTW2805S generates a fully isolated +5VDC/6amp. output over 
the input rate of 19-40 VDC from —55°C to +85°C with 82% 
efficiency (typ.) Other features include short circuit protection, 
remote load voltage sensing, internal I/O ripple filters, an inhibit 
function and optional environmental screening. For additional 
information, contact: 


INTEGRATED CIRCUITS INCORPORATED 
10301 Willows Road, Redmond, WA 98052 
Telephone (206) 882-3100 
FAX (206) 882-1990 TWX 910-443-2302 
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single Board Co 


FM-461 MINIATURE (1 in?) EMI FILTER 


Designed specifically for ICI’s (Integrated Circuits Inc) MTO, MHE, 
and MLP series of DC-DC converters, the FM-461 thick film hybrid 
EMI Filter is intended for use with high frequency (100 khz) switch- 
mode DC-DC converters. Provides 40 db input ripple current 
attentuation which enables the filter/converter combination to 
significantly exceed MIL-STD-461B CEO3. The metal hermetically 
sealed FM-461 operates at full performance from —55° to +85°C 
and also incorporates a quick responding (1pS) transient suppres- 
sor as required by MIL-STD-704. Optional environmental screening 
available. For additional information contact: 


INTEGRATED CIRCUITS INCORPORATED 
10301 Willows Road, Redmond, WA 98052 
Telephone (206) 882-3100 
FAX (206) 882-1990 TWX 910-443-2302 
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Analog Board: 8 bit A/D, up to 20 KHz 
sampling, 8 bit D/A, Analog filters, LEDs. 


@ Instruction Manual Set - DSP-M .. $10.00 
Free Brochure Or Order Factory Direct! 


e 


Corporation 
P.O. Box 513N, Thiensville, WI 53092 
Telephone: (414) 241-8144 
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GET BIG Jee 
WITH 
PRODUCT ; 
MART AD S Stores 16,384 Bus Transfers 


The CmC GBA turns any RS-232 terminal or 
computer into a very powerful full function 
GPIB analyzer and controller. The GBA can 
capture up to 16,384 bus transactions and can 
display them in a detailed easy to understand 
format. Also offers full control of the bus and 
IEEE-488 devices. PC compatible. $795.00 
Connecticut microComputer, Inc. 
P.O. Box 186, Brookfield, CT 06804 
1-800-4-CMC-USA 
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SOLUTIONS FOR DATA i | —— 
COLLECTION/CONTROL Yy fll) 


REACH OVER 137,000 
READERS — 
ALL SPECIFIERS 
OF ELECTRONIC 
COMPONENTS, SYSTEMS 
AND EQUIPMENT! 


EXPANSION MODULES: RAM, EPROM, CMOS RAM/ 
battery, analog I/O, serial 1/O, parallel 1/O, counter/ 
timer, IEEE-488, EPROM programmer, floppy disks, 
cassette, breadboard, keyboard/display. 


Wintek Corp: : 
¥¥ WINTEK 1804 South street 
Lafayette, IN 47904 
800-742-6809 


2 me SIX Port 
SubLAN 


MC600 SERIES CONCENTRATOR 


Permit multiple pairs of devices to share the 
same modems and telephone lines to reduce 
telecommunication costs. 


INDICATORS 


Complete selection of attractive, low cost 
indicator lights in a variety of sizes, configura- 
tions, colors, and types — incandescent, neon, 
green glow, LED, flush and top hat styles, 
cartridge and holder ... with reflectors, custom 
legends, etc. Most in stock at competetive 
prices. 


650/670 SERIES 
ANTI-ALIAS ACTIVE FILTERS 
FDI’s 650/670 Series are 5th and 7th order Cauer 
Elliptic lowpass active filters. Especially designed for 
anti-alias applications involving 8, 10, 12 and 14-bit 
A/D converters, these filters provide an extremely 
steep rolloff at the stopband edge to a deep attentua- 
tion floor. All 650/670 Series models are fully finished 
“plug in” filters which require no external compo- 
nents or adjustments, and operate from non-critical 
+12 to +18V power supplies. 


Frequency Devices, Inc. 
25 Locust Street, Haverhill, MA 01830 


Microcomputer Networking 

Concentrator to Concentrator Networking 

Full Duplex 

Remote and Local Resource Sharing 

Point of Sale Concentration 

NETWORK TO OVER 500 PORTS 
1-800-252-ALGO 


eS INTER-MARKET, INC. 

Y// C 1946 Lehigh Avenue 
301-730-7442 &= Glenview, Illinois 60025 

ALGO Telex #333405 ALGO COL (617)374-0761 (312) 729-5330 
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FREE DEMO DISK 

SCHEMA is acomplete, integrated schematic draw- 
ing software package for IBM Personal Computers. 
Use SCHEMA with your PC to draw schematics and 
automatically generate design documentation such 
as Wire and Net Lists, Bills of Materials, Design Rule 
Checks, etc. SCHEMA is $495 and supports most 
common PC hardware configurations. Call or write 
today for a free demo disk and brochure. 


OMATION INC. 
1701 N. Greenville Ave., Suite 809 
Richardson, TX 75081 
(214) 231-5167 
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CY232 NETWORK CONTROLLER 
AND PARALLEL-SERIAL INTERFACE 


will connect any RS232 CRT or computer 
to any 8-bit parallel TTL I/O port 

and works with one port or 

up to 255 parallel ports 

in several network 

configurations. 


Binary, and 
ASCII-hex modes 


of operation for 

maximum flexibility 

$75 ea. ($30/100) 

Prototyping board available. 


“ A: " 
Cybernetic Micro Systems we 
P.O. Box 3000, San Gregorio, CA 94074 


(415) 726-3000 Telex: 171-135 att: Cybernetic 
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ADVERTISE 
IN 
PRODUCT 
MART 

AT 
LOW COST 


CONNECTOR SYSTEM 
Now build your own custom connector system 


“off-the-shelf” with Elcon Domino™ Ten distinct 
modules provide AD, DC, Signal or Ground. 
Features include: 

e Current to 200 amps. Low voltage drop 

e UL recognized 

e Easy assembly without special tools 

e Minimum down time 

**Low cost design kit available. 

Call (415) 490-4200 or write: 


Eicon Products International Co. 


P.O. Box 1885, 
Fremont, CA 94538 @ ELCON 


TWX 910-381-7026 PRODUCTS INTERNATIONAL COMPANY 
CIRCLE NO 304 


NEED CIRCUIT 
PROTECTION? 


WE B® 


and other worldwide approvals 


E-T-A has “THE RIGHT STUFF!” 
@ Commercial, Mil & Low Cost Types @ Magnetic 
or Thermal @ 0.05 to 400 A, 250V AC or 28V DC 
@ ON/OFF Switch/Breaker Combination @e PC 
Board & Snap-in Mounts 


EQIpAN 
CIRCUIT BREAKERS 


7400 North Croname Road, Chicago IL 60648 e 312/647-8303 
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Fill out this form to advertise in Product Mart. 


ISSUE(S) REQUESTED 


RATE: 1x 4x 7x 


(Please circle) $725 700 680 615 595 585 


Company 
Address 
City 

Telephone 


Signature 
AD ENCLOSED 0 


13x 19x 26x 39x 


State 


AD TO FOLLOW 0 
Mail to: EDN / 275 Washington Street / Newton, MA 02158-1630 


EDN PRODUCT MART appears in every issue — 26x a year! 


DC SWITCHING HYBRIDS 
(SHORT CIRCUIT PROTECTED) 


e Integrated short-circuit e Meets MIL-STD-704A surge 


protection and spike requirements 
¢ Functions as a Remote Circuit © Input TTL compatible 
Breaker ¢ 3.8 to 32.0 volt input range 
¢ Power FET output ¢ Constant current input 


¢ Designed to MIL-R-28750 

e Available to the screening 
requirements of MIL-STD-883 

e Radiation hardening levels 
data available 

¢ M85FS-2A 2.1 Amps at 60VDC 
M90FS-2 1Amp at60VDC 

$146/$189 at 100 pieces 


Teledyne Solid State 
12525 Daphne Avenue, Hawthorne California 90250 (213) 777-0077 


CIRCLE NO 305 


e Fast switching speed 
¢ Low on-resistance 
(0.15 ohms typ.) 
e Virtually no offset voltage 
¢ Opto isolation up to 1200 volts 
e Hybrid microelectronic 
design 


NEW EPROM PROGRAMMER 


The EP-1 isa great value, here’s why: 


¢ IBM PC Software Included or RS-232 to any computer 

* ASCII Command driven operation; All intelligence in unit 

e ee Programs, Copies over 15Q types from 2716 to 

¢ Optional Intel microcontroller programming head 

¢ Menu-driven Chip Selection; No Personality Modules 

e Fast, Slow, Quick-Pulse Programming Algorithms 

¢ Intel (8080 & 8086), Motorola, Tekhex, Straight Hex Files 

¢ Splits Files by Base Address and Odd/Even (16 bit 
systems) 

¢ Gold Textool ZIF IC socket Full One-Year Warranty 

e Generate & Set Checksums © 5,12.5,21,25V Programming 

¢ Over-Current Protection e U.V. Erasers From $34.95 

¢ 8 Baud Rates 300 to 38,400 


BP Microsystems 
5325 Glenmont, Suite E, Houston, TX 77081 


(800)225-2102 (713)667-1636 
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Control Your Position 
With A 


Going to lV ? 
GO with the Safe Driver! 


Resolver To Digital 
Conversion Board 


ISO-GATE« DIONICS 


@ Opto-Isolated Input — 

@ Photovoltaic Pure DC Out Risking Design Failure 
No Power Supply Needed Costly Replacements 
@ Self-Generated Gate-Drive Gate-Crashing Spikes 
@ Self-Limited Gate Drive Reckless Driving 
Single or Dual Floating Outputs Needless Mosfet 

@ The Safest Driver on the Road Slaughter 


65 Rushmore Street, Westbury, NY 11590 
(516) 997-7474 e Outside N.Y. 1-(800) DIONICS 


* For IBM PC, XT & compatibles 

* Reads up to four resolvers 

* 10, 12, 14, or 16 bit resolution 

* Positional accuracy to 2.6 ARC minutes 

* Angular data acquisition 

* Motion control applications 

* Custom programs are available 

* Create BASIC programs with assembly 
language subroutines and documentation 
included 

FOR MORE INFORMATION 


Call toll free (800) 523-3844/In Pa. (215) 464- 9300 
Warren-Knight Instrument Co. 


DEPT. EDN-1 
2045 BENNET ROAD 
PHILADELPHIA, PA 19116 


Name Please 
a Send 


Company Literature 


Address 
ease 
U Telephone 


ees 0 G55 a er a EDN91886 
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Compare Qwik Tek™ quality and cost performance to P-CAD; 


Racal-Redac, a age ie aoe | aaa a2 
tage @ the Me Bw 

= puaplag psa AT or. | 256 E. Hamilton, Suite L 

| ~ VAX" /MicroVAX" seg ainfanie PT epebilty “$1 495. | Campbell, CA 95008 


Trademarks: Qwik Tek—QTECH, Inc.; AT—international Business Machine Corp., VAX, MicroVAX—Digital Equipment Corp., 800-538-811 Dis Ext. 845 
P-CAD-P-CAD. Registered Trademarks: IBM—International Business Machine Corp.. DEC -Digital Equipment Corp. In CA 800-672-3470 — Ext. 845 
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7 4 2727 Walsh Ave., Suite 201, Santa Clara, CA 95051 - 
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Book helps you 

implement DSP applications 
This guidebook helps you imple- 
ment digital-signal-processing ap- 
plications when using the company’s 
TMS320 product line. These devices 
support high-speed and numeric-in- 
tensive DSP applications. The guide 
covers some of the common DSP 
routines, such as FFTs, and it dis- 
cusses typical DSP applications in 


408-727-2772 


Northeast, 617-683-904 


‘Distributors: 
__ Arizona: (602) 272-7951 Calife 


__ Additional Sales Offices: Z 7 ee | —.. 
2 Southeast, 401-821-4266; Southwest, 71 4-752-0188 


iz 2 lifornia: (408) 945-9100, (408) 737-0204, (213) 773-6521, (619) 278-5020, _ 
(408) 980-0110, (714) 250-4141, (818) 700-8700, (818) 700-0914, (415) 594-0700, (714) 662-7682, (714) 261-9362, 
___ (714) 921-1830, (805) 495-9998 Connecticut: (203) 797-9674, (203) 743-9594, (203) 797-8600 —» 
Colorado: (303) 650-0123 Florida: (813) 443-4514, (813) 441-4771, (305) 974-8700, (305) 767-8414 


such areas as computers, peripher- 
als, and telecommunications. Appli- 
cation-specific source codes are in- 
cluded. Request SPRA012. 

Texas Instruments Inc, Semi- 
conductor Group (SC-616), Box 
809066. Dallas, TX 75380. 
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Catalog references 
technical documents 


This catalog (spring 1986 edition) 
lists 1600 technical reports, books, 
proceedings, and other publications 
related to design and use of ad- 
vanced computing technology. It 
contains a database title list, clear- 
ing-house titles, and titles high- 
lighted in the quarterly newsletter 
The Report & Catalogue. In addi- 
tion, the booklet outlines proce- 
dures for ordering documents and 
individual critical abstracts. It costs 
$12.50; however, you'll receive a 
coupon worth $12.50 towards your 


Georgia: (404) 441-7676 Illinois: (312) 882-1255 Maryland: (301) 995-1226, (301) 995-1222 


Massachusetts: (617) 935-661 1, (617) 933-7760, (617) 366-2400 New Jersey: (201) 785-1830 

New York: (914) 878-3355, (516) 454-6400, (516) 454-6390, (516) 694-9898, (315) 652-5000, (315) 451-2371, 
(716) 272-1120 Oregon: (503) 626-2977 Pennsylvania: (215) 969-3300, (609) 778-7600 Texas: (214) 980-1889, 
(214) 351-2050, (214) 235- 9575, (817) 461-5303, (512) 452-5254 Utah: (801) 486-4134, (801) 972-8489 
Washington: (206) 575-1633, (206) 881-8199 Canada: (514) 694-7710, (613) 820-8313, (416) 638-4771, 

(204) 339-0554, (403) 235-5325, (403) 438-2858, (604) 294-1166 , : 


Return To: 
Integrated Power Semiconductors, 2727 Walsh Ave,Suite 201, Santa Clara, CA 95051 


Name 
Title 
Company 
Address 

City 
Phone # 


Please send me the following information: 
[] TO-218 Regulators 

[] Regulating PWMs 

[] Power Drivers 


State 


ee Zp 


|] Brushless DC Motor Drivers 

[_] Stepper Motor Drivers 

[_] Custom Smart Power Capability 
L] MILSTD883B Capability 


~ EDN918860A | 


next purchase (minimum order of 
$25). 

The Report Store, 910 Massachu- 
setts St, Suite 503-7AK, Lawrence, 
KS 66044. 

INQUIRE DIRECT 


Document addresses 
board-test effectiveness 


Test Effectiveness, Yield, and Costs 
(Pub 11352-90000) discusses pro- 
cess and test yields and illustrates 
how minor improvements in these 
areas can increase productivity at 
the board-testing stage. The 40-pg 
document is intended to help the 
reader make test-alternative as- 
sessments: It includes several anal- 
ysis techniques that you can use to 
evaluate and compare new board 
testers, to decide whether an im- 
provement in your existing testers is 
called for, and to determine test and 
repair effectiveness within the work 
cell. The document also contains for- 


IP3P125N 


*MIL STD 883B, Rev. C, 
screening Available 


IP1P125J 


LITERATURE 


mula derivations and information 
for building a computer spreadsheet 
model to assist in your calculations. 
Hewlett-Packard Co, Manufac- 
turing Test Div, Box 301, Loveland, 

CO 805387. 
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Catalog summarizes 
1986 offerings 


This 12-pg 1986 product summary 
covers the company’s data-conver- 
sion and fiber-optic data-link offer- 
ings, including such products as V/F 


and F/V converters, A/D and D/A 
converters, S/H amplifiers, and 
FET op amps. The short-form for- 
mat helps you choose the appropri- 
ate product: It contains selection 
guides and tables of key specifica- 
tions. In addition to products, the 
catalog describes the vendor’s cus- 
tom hybrid-design and manufactur- 
ing capabilities in thick- and thin- 
film, military- and power-hybrid 
technologies. 
Dymec Inc, 8 Lowell Ave, Win- 
chester, MA 01890. 
Circle No 436 


Catalog specs 
supplies, converters 


This 34-pg catalog provides electri- 
eal and mechanical specifications 
and ordering information for the 
manufacturer’s ac/de switching sup- 
plies and dc/de converters. The 
power supplies range from 3 to 
1000W, and the converters range 


from 1 to 150W. All products cov- 
ered are available in single-, dual-, 
and triple-output models and meet 
MIL-spec requirements. 


Tecnetics, Computer Products 
Inc, Power Conversion Group, 2931 
Gateway Dr, Pompano Beach, FL 
33069. 
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What if someone collated you a complete line of Pay PWM control 
ICs that really work in your application? Integrated Power 
Semiconductors offers more PWMs than any other manufacturer — and | 
ours really work. 


For example, the Integrated Power IP1526A series of PWM controllers 
can drive power FETs due to a new, higher-current output design that 
essentially eliminates cross-conduction currents. Our “doubie-pulse 
suppression” logic really supresses double pulses. Our reference 
and oscillator sections are temperature stable and all critical 

_ parameters are both guaranteed and tested over temperature. 


‘Subtle differences that make a big difference _ 
_inyour application. 


Integrated Power — the New Leader 
in Power Technology! 


CIRCLE NO 259 


©1982 incredible Edibles, 
San Francisco, CA 
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(uide to SCSI interconnect 


This guide illustrates typical SCSI 
network interconnections as defined 
by ANSI X3T9.3 standards and fea- 
tures the company’s products that 
are applicable to SCSI networks. It 
keys connectors, cables, cable as- 
semblies, headers, sockets, and ter- 
minators to specific illustrations, 
identifying interconnections that 


meet ANSI, ECMA, and ISO stand- 
ards for SCSI network applications. 
Amphenol Products, 4300 Com- 

merce Ct, Lisle, IL 60582. 
Circle No 438 


Directory lists 
software for plotters 


This directory of graphics-software 
packages for the HP family of 
graphics plotters lists almost 200 
packages suitable for use with non- 
HP—as well as HP—computers. 
Applicable machines range from 
personal computers to mainframes. 
Representative plotters include the 
HP Colorpro plotter for business 
professionals and the HP 7586B 
drafting plotter for design tasks. 
The guide describes packages from 
115 vendors, including such compa- 
nies as Lotus, Microsoft, Autodesk, 
ISSCO, and Ashton-Tate. Each 
software package is allotted one 
page of the directory for a descrip- 


tion of its specific applications and 
capabilities, the computers sup- 
ported, minimum memory require- 
ments, and vendor identification, 
support, and training information. 
Software applications include busi- 
ness graphics (presentation graph- 
ics, text and symbols, and project 
management), mapping, scientific 
and statistical analysis, CAD/CAM/ 
CAE, and architectural design. 
Four cross-references list packages 
alphabetically by name, application, 

computer, and vendor. 
Hewlett-Packard Co, 1820 Em- 
barcadero Rd, Palo Alto, CA 94803. 
Circle No 439 


(Guide to converters 


This catalog features the manufac- 
turer’s line of A/D and D/A convert- 
ers and data-acquisition systems, 
plus 20 new products, including 
flash converters and other monolith- 
ic devices and high-speed hybrids. 


You Don't Need a Thousand Words 
When You Have a Picture Like This! 


The image quality 


demonstrated here is re- 
quired by your customers .. . 
and will be appreciated! They 
expect THE BEST from original 
equipment manufacturers. 
You can provide it! While 
other video monitor venders 
Claim, ‘about 100 + MH2Z"’ 
video bandwidth, * Video 
Monitors, Inc. provides it! 
While other vendors claim, 
“full gray-scale color capabili- 
ty,’’ VMI delivers it! 


And if your customers or 
you need semi-custom or 
Custom designs, VMI can pro- 
vide this service. These are 
Just a few of the reasons why 
Video Monitors, Inc. should be 
your supplier of very high 
resolution monitors. 


Large Image Area 


Ergonomic Design 


3933 North White Avenue 
Eau Claire, Wisconsin 54703 
(715) 834-7785 


Unretouched photograph 
*3.5 NS max. rise & fall time measured at CRT cathode. 


State-of-the-Art Technology 


CIRCLE NO 244 


380 EDN September 18, 1986 


LITERATURE 


The compilation provides product 
descriptions and _ characteristics, 
functional diagrams, specifications, 
and applications information. 
Hybrid Systems Corp, 22 Linnell 
Circle, Billerica, MA 01821. 
Circle No 440 


Brochure highlights 
CAE/CAD package 


This 4-pg, 4-color brochure de- 
scribes the $975 EE Designer CAE/ 
CAD integrated software package, 
which provides interactive printed- 
circuit-design capability on an IBM 
PC, PC/XT, PC/AT, or a compatible 
system. The brochure explains the 
package’s schematic-capture editor, 
net-list extraction program, and 
digital logic-simulator program. In 
addition, it lists design, simulation, 
and layout features and minimum 

system requirements. 
Visionics Corp, 1284 Geneva Dr, 

Sunnyvale, CA 94089. 
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Data sheet explains 
vector-to-raster conversion 


This data sheet describes the 
Prance Raster Image Design/Engi- 
neering (PRID/E) software system, 
which uses laser artwork genera- 
tors and similar raster-type devices 
to perform vector-to-raster conver- 
sion. The 1-pg document lists the 
system’s features, including image 


scaling and screening, erase mode, 
composite imaging, clearance check- 
ing, and interactive color-graphics 
support. The data sheet also de- 
scribes hardware and software re- 
quirements and device support. 
Automated Systems Inc, 1505 
Commerce Ave, Brookfield, WI 
53005. 
Circle No 442 


IBM PC, XT and AT are trademarks of International Business Machines Corp. 
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PRONTC TECHNOL Osy FOR Ex 
NG 


Every two weeks, EDN shows you how to 
use and apply new products and technology. In 
short, how to design. 

Through staff-written reports, Designer’s 
Guides multi-part features, and contributed appli- 
cations articles, EDN brings you “technology in 
depth.” And it’s what sets EDN apart as the pre- 
mier applications-oriented publication among 
design engineers and engineering managers in the 


electronic OEM. 
As proof, youchose EDN as the most useful N 
electronic engineering publication in a whopping | econ in 
24 out of 25 independent reader preference studies enhancements onone cae 
in 1985. 


Now, EDN shows you in even greater depth 
than before what new products are available to 
design with. With EDN Product News. 

In a tabloid format, EDN Product News 
mails monthly toEDN’s U.S. and Canadian circu- 
lation. It is designed to help you select new com- 
ponents, equipment, and systems. And to 
complement EDN, which continues to provide the 
first rate editorial that has made it first among 
electronic engineering publications. 


EDN and EDN Product News. 
Bringing you complete coverage of the 
design and product selection process. 


Cahners Publishing Company 


A Division of Reed Publishing USA 


Specialized Business Magazines for Building & Construction, Electronics & Computers, Foodservice, Manufacturing, Book Publishing & Libraries, and Medical/Health Care. 


Cahners Building * 275 Washington Street » Newton, MA « 02158-1630 « (617) 964-3030 
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ngineers move out of the design 


lab 


and into manufacturing and production 


Deborah Asbrand, Staff Editor 


Although many electronics compa- 
nies are just beginning to chip away 
at barriers that keep their engi- 
neers in R&D, manufacturing, and 
production from working in sync, 
Hewlett-Packard Co’s Loveland In- 
strument Division has long required 
its design engineers to face the in- 
tricacies of manufacturing and pro- 
duction. 

Since 1960, when this division, 
the company’s first outside its head- 
quarters in Palo Alto, CA, was 
opened, its design engineers have 
participated in a rotation program 
that requires they actively contrib- 
ute to the manufacture of a product 
they've designed. The program, 
called the New Product Birthing 
and Design Process, is in force at 
most of the company’s 43 divisions. 
It affords designers a clear view of 
the nuts-and-bolts problems of 
product development—a view un- 
available from the confines of a labo- 
ratory. 

At least once during their em- 
ployment, design engineers at the 
Loveland facility, located 60 miles 
north of Denver, CO, spend from 
three months to one year in the 
manufacturing sector. The geo- 
graphical dislocation amounts to 
nothing more than a change in desks 
within the same facility. The length 
of a designer’s stay depends on the 
complexity of the product and the 
engineer’s interest in remaining 
once the product has been intro- 
duced on the market; some choose 
to stay in manufacturing past their 
expected return date to the R&D 
laboratory and work on other manu- 
facturing and production projects. 
Virgil Laing, who is responsible for 
the development of electronic test 
instrumentation and is one of three 
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section managers at the plant, says 
that nearly all of the 30 engineers he 
supervises have worked in the divi- 
sion’s manufacturing sector. 


Making smooth transitions 


The overriding strategy behind 
the process is to make a product’s 
release from design to manufactur- 
ing uneventful, a smooth transition 
in the process of product develop- 
ment. “In many companies, release 
of the product to manufacturing is a 
big deal,” says Leif Leirfallom, 
manufacturing engineering manag- 
er for the division. “In our environ- 
ment, it’s very undramatic.” What 
is humdrum for the division can be 
truly enlightening for the design- 
ers, however. For them, the reality 
of the manufacturing environment 
can be “an eye opener,” says Ron 
Riedel, an R&D engineer at the 
division. Riedel spent six months in 
manufacturing four years ago, and 


earlier this year, he completed a 
second, seven-month stint there. 

“When we design a product in the 
lab, we have at most two or three 
engineering prototypes, and then 
we build five or six more production 
prototypes,” says Riedel. “They’re 
all hand-built and hand-tweaked. 
One of the biggest things you find 
out [in manufacturing] is that things 
you never thought could go wrong 
will when you have to build 100 at a 
time. Marginal designs [whose 
flaws] don’t show up in the laborato- 
ry show up very quickly in produc- 
tion.” 

During Riedel’s most recent man- 
ufacturing transfer, he facilitated 
the development of the HP 3852, a 
data-acquisition control system. 
Riedel had designed one of the sys- 
tem’s A/D converter modules. Out- 
side of the R&D laboratory, he was 
charged with a variety of responsi- 
bilities. He tested the system’s 
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firmware and software. He ex- 
plained the product to the line tech- 
nicians responsible for its repair, 
and he developed production-line 
troubleshooting tools for their use. 
In addition, Riedel generated refer- 
ence material for the system, in- 
cluding a series of videotape semi- 
nars that explains the product’s 
design and operation. 

Riedel believes his exposure to 
manufacturing processes has made 
him a more thorough designer. “It’s 
hard to appreciate the kinds of 
things that won’t work, and to ap- 
preciate that when you build a lot of 
more than 200 units, the worst-case 
will get you,” he says. Such fore- 
sight is what R&D engineer Randy 
Hudson hopes to acquire when he 
begins his first manufacturing as- 
signment shortly. “I suspect that 
I'll learn what kinds of headaches 
the lab ships to the production area. 
I hope to have a little better appre- 
ciation of what problems we cause 
and the sort of things to watch out 
for in designing a product.” 


Understanding the human aspect 


Like Riedel, Kevin Thompson’s 
tour of duty in manufacturing 
provided him with a perspective on 
the human element of a product’s 
development cycle that he had not 
seen as an R&D engineer. In 1983, 
Thompson spent several months 
working on the manufacture of the 
HP 3497 data-acquisition control 
unit, for which he designed the card 
cage. His wrestle with changes to 
make the product physically more 
accessible for the line technicians 
led him to modify his subsequent 
designs. Aided by a notebook full of 
observations he had jotted down 
while on the production line, he re- 
turned to the lab armed with some 
techniques to improve his designs’ 
manufacturability. Thompson incor- 
porated simple static-test routines 
into onboard software to help tech- 
nicians manually isolate faulty com- 
ponents. He also designed in soft- 
ware hooks that allow more 
powerful testing without using up 
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internal ROM space. 

At work on the production line, 
designers often have their first op- 
portunity to consider another 
human element in production: the 
assembly-line workers. And assem- 
bly-line workers’ goals, Thompson 
says, are quite different from the 
goals of design engineers. “The peo- 
ple on the line have a much different 
attitude about the product,” he 
says. “They’ve got to get the thing 
out, and they're graded on how 
many they can put together in the 
eight hours that theyvre here.” 
What’s more, design engineers 
sometimes assume that, because 
products are assembled by people, 
not machines, they can depend on 
the assembler’s dexterity. Design- 
ers’ awareness of the details of 
product assembly usually makes 
their subsequent products more as- 
sembler friendly, says Leirfallom. 

Understanding assemblers’ prior- 
ities and their contribution to a 
product’s success were the keys for 
Riedel. “When you go out in the 
manufacturing environment, and 
you see that every third unit that 
fails has a part in backwards, the 
next time you come into the lab 
you'll design the part so it can’t be 
put in backwards,” Riedel explains. 
“Those are the kinds of things you 
learn that you just aren’t aware of if 
you spend all of your time in the 
R&D lab.” Indeed, design engi- 
neers who show little understanding 
of the human dimension of the as- 
sembly process may find themselves 
strong candidates for a remedial as- 
signment. While most design engi- 
neers view the temporary transfers 
as part of their training, and many 
request the assignment, not all go of 
their own volition. Says Leirfallom, 
“Sometimes, if a design engineer is 
a little insensitive to manufacturing 
issues, he might be a good candidate 
to send over.” 

Designers’ initial naiveté about 
manufacturing, however, often ben- 
efits Leirfallom and his department. 
“They challenge the way we do 
things,” he says. “If we’re testing 


an electrical assembly in a particu- 
lar fashion, they’ll ask why we do it 
that way. That’s their job; they’re 
designers.” Leirfallom recounts a 
recent episode where one design 
engineer, appalled at an especially 
long test time, refined the process 
and shortened the time. 


Reducing problems in the field 


Leirfallom, a 12-year Hewlett- 
Packard veteran, is pleased with 
the program’s success and the ac- 
ceptance it’s gained through the 
years. The production of the 3852, a 
recently completed data-acquisition 
control unit that Riedel worked on, 
was much smoother than that of a 
similar instrument that Leirfallom 
worked on as an R&D engineer a 
decade ago. The difference between 
the two products’ manufacturing de- 
velopment, he says, “was like night 
and day.” For him, the link between 
a smooth production process and a 
successful product is strong and 
clear. “If you introduce something 
smoothly, it ends up performing in 
the field better. A product that has 
problems in house will have prob- 
lems in the field.” 

HP’s efforts to expose engineers 
to manufacturing and production 
processes are critical because col- 
lege curricula don’t include these 
topics, believes Thompson. “It’s 
something I don’t think they cover 
well in engineering education at the 
university level,” he says. “The ma- 
jority of people come across it 
through the school of hard knocks.” 
The Loveland facility’s program in- 
tends to routinize on-site learning; 
in fact, Leirfallom has an even lofti- 
er goal: “My model is to make the 
design engineers so aware of what 
our manufacturing processes are 
that we shouldn’t need as many 
manufacturing engineers support- 
ing the product.” EDN 
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ANIALOGIGC 


not Slogans 


The Fortune 1000— 


Solutions... 


And Some Fortunate Senior Engineers 


Whether your specialty is engineering or 
technical marketing, you’ve probably thought about 
working for one of the Fortune 1000 companies, if 
you don’t already. With your talent and experience, 
you might think only companies that large can offer 
the challenges and satisfaction you want and 
deserve. We don’t agree. Instead of working for only 
one of the Fortune 1000 firms, why not consider 
working with hundreds of them? 


That’s exactly what you do when you work 
with Analogic. We design and manufacture 
advanced data conversion and computer-based 
signal-processing instrumentation for medical, tele- 
communication, scientific, industrial and other 
applications. Among our customers are scores of 
OEMs from the ranks of our peers in the Fortune 
1000. Because of who they are, their requirements 
are demanding. 


Because of who we are, we meet those needs 
every day with the creativity and superb engineering 
that have built our tradition of success. So in every. 
way, the technical challenge you thought you’d only 
find in the top 1000 is here—in a smaller hands-on 
environment where you won’t get lost in the crowd. 


A professional like you, with a record of 
accomplishment, can work just about anywhere— 
including the Fortune 1000. So we’d like you to 
think about working with the company that’s 
helped many of the Fortune 1000 make their for- 
tunes. Analogic. 


Please send resumes to Don DeMita, 
Employment Manager, Analogic Corporation, 
8 Centennial Drive, Peabody, MA 01961. 


An Equal Opportunity Employer 


NATIONAL OPENINGS 
TECHNICAL WRITERS 
PUBLICATION ENGS 
COMMERCIAL 


Hardware: *1+ yr exp writing maint and/or install manuals for digital 


COMBUIEE SUSIOMNISS 85S 3 Vir ee a kee ok ES rae ae eee eee to 34K 


Software: “exp writing program & operating systems manuals........................ to 43K 


*exp writing manuals for financial or banking applications................... to 38K 


Manager: “respon for administration of text editing system as well as 


Supv, pubs production. & CUHOIs: 2% cis Vor Ss eee es to 40K 
GOVERNMENT SYSTEMS 


Enging Writer: *exp writing manuals, test procedures or component 


documents for elec warfare or commun systems ...................... to 38K 


Avionics Writer: *respon for writing aircraft systems documentation 


SO: SROs StANOAIUS i A, Lae Se ae eee to 37K 


Supervisor: *supv documentation of microwave components, 


ie. GA.cues, test. docs (AIP. SIP BiG). ea es He SE to 40K 
*supv group writing aircraft systems documents......................... to 42K 


Production Manager: “respon for 20+ person pubs production dept— 


schedule preparation, manpower planning, etc................... to 45K 


Please call Michael Dunn (collect) at 609-424-8600, or send resume: 


Judge Inc. 


Suite G37 
1930 E. Route 70 
Cherry Hill, NJ 08003 


All positions direct career opportunities with all fees and interviewing expenses paid by 
client companies. 


CAREER OPPORTUNITIES 


1986 Editorial Sa and Planning 


Guid e 
Recruitment EIDIN 
Closing: 10/16 


Deadline Editorial Emphasis 
Mailing: 10/28 


Issue 
Date 


Oc, 2 Sept. 11 Surface Mount Technology; 
Memory ICs; CAE; Semi- 
custom IC Directory 
(CAE-related*) 

Oct. 16 Sept. 25 Digital Signal Processing; 
Personal Computers; ICs; 
Test & Measurement In 
struments; Display 
Technology 

Oct. 30: ' Oasd Batteries; Converters; Wes- 
con ’86 Product Preview; 
European Electronics; Com- 


puter Boards 


Nov. 13 Oct. 23. Wescon ’86 Show Issue; Op 


Amps; CAE; Semicustom 
ICs (CAE- related*); Artifi- 
cial Intelligence 


(CAE-related*) 
Closing: 11/3 


ENGINEERING 


sume to: MTI 


20287 N. Hwy 21 
Suite 104 
Wheeling, IL 60090 


Noel Rice 312/541-6440 
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Many opportunities in Telecom, 
CO, Cellular, RF, CAD, I & C, 

' Computers, Peripherals, En- 
gineering Management. Send re- 


First in Readership Among Design 
Engineers and Engineering 
Managers in Electronics 


Nov. 27 


Nov. 6 Mailing: 11/25 


Microprocessor Technology 
Report & Directory; CAE; 


Passive Components 


Call today for information. | 
East Coast: Janet O. Penn (201) 228-8610 
West Coast: Dan Brink (714) 851-9422 
National: Roberta Renard (201) 228-8602 
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The more advanced the technology, 
the more the advancement potential. 
Look into Texas Instruments. 


If you’re an experienced Design or 
Development Engineer looking to get 
ahead quickly, let Texas Instruments 
point you in the right direction. 

Take our Missile Systems Business 
Entity, for example. It’s part of TI’s 
Defense Systems & Electronics Group — 
our second largest corporate segment. 

Here, our anti-radiation missile 
systems technology has become 
synonymous with our nation’s latest 
line of defense. And no wonder. 

You see, the very nature of our missile 
systems business demands that we make 
every effort to push technology past its 
known limits. 

In fact, that’s the bottom line on 


An Equal Opportunity Employer M/F 
©1986, Texas Instruments Incorporated 


many government contracts I is 
awarded. We’re literally asked to guar- 


antee new technological breakthroughs. 


Plus, we’re committed to a variety of 
high technology defense programs that 
stretch into the mid-1990s and beyond. 

This kind of environment can 
make anybody’s advancement potential 
skyrocket. 

The point is, the opportunity is here 
where we are. But to take advantage of 
it, you can’t stay there where you are. 

If you’ve got a BS, MS, or PhD and 
at least two years’ experience, particu- 
larly in Systems Engineering, Signal/ 
Image Processing, Microwave Design, 
Digital/Microprocessor Design or Soft- 


ware Development, send your resume, 
in confidence, to: Jack Howell/ 

Texas Instruments/PO. Box 405, 
M.S. 3426/Dept. EDN/Lewisville, 
Texas 75067. 

Better yet, call Mr. Howell at 
1-800-527-5864. In Texas, call collect: 
214-462-5746. 

Remember, it never hurts to talk. 
U.S. Citizenship is required. 
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We're worldwide. 
Were long established. 
Were in Santa Clara. 


We're Siemens. Pushing back barriers in the semiconductor 
industry to open up a new world of opportunity for progressive, 
risk-taking professionals. 


An innovator known the world over for nearly 140 years, we’re 
making a tremendous investment in the future as we move 
Siemens’ Semiconductor Group to Santa Clara. The environment, 
the resources and the commitment are virtually unparalleled. And 
you Can be a part of this dynamic environment in one of these 
select positions. 


VLSI SYSTEMS/LOGIC ENGINEERS 


Requires 3+ years’ experience in VLSI architecture, logic and 
simulation for LAN products. Strong CAE/programming skills 
necessary. 


MASK DESIGNER 


Will be involved in layout design of CMOS standard cells on inter- 
active graphic system. Requires 2+ years’ experience using 
CALMA GDS Il. 


PRODUCT MARKETING MANAGERS 


TELECOM ¢ MICROPROCESSOR/MICROCONTROLLER 


Seasoned IC marketing professionals can parlay a BSEE (MSEE 
preferred) and 7 to 10 years of experience into the opportunity of a 
lifetime. We are interested in aggressive marketers who can 
assume full product responsibility, new business development, 
and marketing interaction with our Munich headquarters. Focus 
will also be placed on the staffing and management of our market- 
ing and application engineering group. 


Additionally, Product Marketing Managers — Telecom, will need 
LAN experience. Product Marketing Managers — Micro- 
processor/Microcontroller will need an in-depth knowledge of 
marketing microcontroller variance, peripheral devices, such as 
ADMA, as well as familiarity with Intel microprocessor/micro- 
controller peripherals. 


PRODUCT MARKETING MANAGERS 


Requires a BSEE or equivalent with 3 to 5 years’ marketing expe- 
rience and a strong background in either optoelectronics, semi- 
conductors, or the military components marketplace. 


SENIOR APPLICATIONS ENGINEERS 


Requires a BSEE (MSEE preferred) and 5+ years’ systems expe- 
rience. Proficiency in power transistor circuit design/trouble- 
shooting, MOSFET circuits and process technology necessary. 


PACKAGING ENGINEERS 

Requires 2 to 5 years’ experience in semiconductor packaging 
design, preferably in areas of power device/hybrid packaging. A 
BS/MS in Mechanical Engineering or Material Engineering 
necessary. 

Additional opportunities exist for semi-custom IC Designers, 
Applications Engineers and CAE professionals with 2+ years’ 
experience and expertise in gate array and CMOS standard cell 
technologies. 

For the above openings, send resume indicating position of 
interest to: Technical Recruiter. 


MARKETING — STRATEGIC ACCOUNTS 


Responsible for marketing activities of multinational strategic 


PRODUCT MARKETING ENGINEERS 


AUTOMOTIVE ¢ TELECOM eMICROPROCESSOR/ 
MICROCONTROLLER 


Requirements for positions within these three product areas 
include a BSEE or the equivalent and 2 to 4 years of related com- 
ponent IC marketing experience. You will assume responsibility 
for maintaining present IC accounts and developing new cus- 
tomers. You will be involved in presentations and seminars for 
customers, reporting of competitive analysis, new product ideas, 
and interaction with engineering. 


TELECOM APPLICATION ENGINEER 


In this position, you will recommend new products in the telecom 
area, develop and present technical seminars on IC’s for telecom 
applications, and interface with the customers to determine 
acceptable technical specifications. The skilled communicator we 
seek will have a BSEE or equivalent and 5 years of experience that 
includes knowledge of A/D and D/A converter principles and all 
levels of communication protocols. 


For the above openings, send resume indicating position of inter- 
est to: P. Henderson, Technical Recruiter. 


accounts throughout the United States, you will negotiate multi- 
national contracts, identify new business opportunities for these 
accounts and develop close working relationships with strategic 
accounts to define future product generations. Requirements 
include a technical degree and related experience. 


For the above opening, send resume specifying position to: P. 
Henderson, Technical Recruiter. 


We offer responsive management, competitive compensation and 
performance incentives, extensive benefits and excellent potential 
for professional recognition and growth. For immediate consider- 
ation, send resume to appropriate listing above: Siemens Compo- 
nents, Inc., Semiconductor Group, Dept. EDN, 19000 Homestead 
Road, Cupertino, CA 95014. We are an equal opportunity 
employer. 


Siemens. A world leader in semiconductor technology. 
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POWER YOUR FUTURE 
WITHIN A DYNAMIC 
FORTUNE 500 COMPANY 
IN SOUTHERN CALIFORNIA 


Parker Hannifin is a world leader in fluidpower technology. Our Control Systems Division, located in the beautiful Saddle- 
back Valley of Orange County, California, is undergoing dynamic expansion. We're developing new technologies for state- 
of-the-art flight control systems and electro-mechanical actuation systems for both military and commercial applica- tions. 


The power behind Parker is our dedicated team of professionals that help get achievements off the ground. Explore the 
career opportunities currently available within our Control Systems Division. Most positions require a BS degree with at 


least 3 years experience preferably with aerospace background. 


SR. ELECTRONIC PROJECT 
ENGINEER 


Fifteen years minimum experience. Must have current 
knowledge of microprocessors and computers as well as 
broad background in electro-mechanical interfaces. Proven 
management experience required. BSEE required, MSEE 
preferred. 


SR. SOFTWARE STAFF ENGINEER 


Ten years minimum experience. Proven experience in com- 
puter architecture and compiler fundamentals. Ada compiler 
experience a must. BSCS required. 


ELECTRONIC DESIGN ENGINEER 


Four years minimum experience. Proven design experience 
in dedicated test fixtures. Must be thoroughly familiar with 
PC/AT and interfacing devices. PASCAL programming ability 
required. BSEE required. 


CAD DESIGNER 


Five years minimum experience. Multi-layer PWB design from 
engineering schematics. Experience in high density military 
electronics and surface mount technology. ComputerVision 
experience mandatory. BS degree not required. 


SR. ELECTRONIC DESIGN 
ENGINEER 


Six years minimum experience. Must be thoroughly familiar 
with design of microelectronics and computer circuitry. Ex- 
perience with aircraft environmental design requirements 
necessary. PASCAL/Ada programming ability preferred. 
BSEE required, MSEE preferred. 


SR. MECHANICAL DESIGN 
ENGINEER (Hydraulics) 


Presently there are 4 openings requiring 5 years 
minumum aerospace hydraulic design background. Must 
have (on the board) design experience of flight actuation 
components and systems. BSME preferred. 


SR. ELECTRONIC DESIGN 
ENGINEER 


Six years minimum experience. Must be thoroughly familiar 
with design of microelectronics and computer circuitry. Ex- 
perience with aircraft environmental design requirements 
necessary. PASCAL/Ada programming ability preferred. 
BSEE required, MSEE preferred. 


Enjoy competitive compensation and benefits in a relaxed, team work environment. You'll thrive in our attractive, ultra-modern 
facility, located 45 miles south of Los Angeles-close to beaches, mountains and an endless array of cultural/recreational 
activities. Please send your resume with salary history to: Parker Hannifin Corporation, Control Systems Division, 14300 
Alton Pkwy, Dept. EDN-918, Irvine, CA 92718-1814. Equal Opportunity Employer M/F/H/V. 


People. ..The Power Behind Parker 


Parker Hannifin Corporation 
Parker Bertea Aerospace 
Control Systems Division 


EE 
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Immediate opportunities available for 


Engineers and Programmers 


Living and working at Sperry/Salt Lake City enables you to 
pursue almost every conceivable professional, recreational and 
cultural activity. Indeed, living in the heart of the majestic Rocky 
Mountains, on the edge of the expansive western deserts, 
provides an unparalleled satisfying lifestyle. 

If you have a BS, MS or PhD degree or experience in any of 


the following areas an immediate opportunity may be waiting for 
you. 


Communications Advanced Technology 
¢ Wideband air/land data link = «¢ Signal processing, artificial 


systems intelligence 
¢ Spread Spectrum, low ¢ GaAs devices 
probability of intercept ¢ Heterojunction device 
¢ Digital signal processing, physics 
modulation and coding ¢ Network analysis 


¢ Signal detection theory 


Electronic Warfare Nee 
e Covert transmissions 


¢ Spread Spectrum ESM/ 
ECCM/ECM 

¢ Signal detection and 
estimation 

¢ Optical processing 

¢ Antijam systems 
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Software Engineering 

* Communication software 

¢ Scientific, real time 
programming 

* DEC 11/44, VAX 11/780, 
VMS, FORTRAN, ADA 

¢ C Language/UNIX* 
operating systems 


“TRADEMARK OF AT&T 
BELL LABS 


Telecommunications 

¢ Mobile tactical satellite 
terminals 

¢ LAN voice/data 

¢ Communication systems 
integration 

¢ Data/voice switching 
systems 


For consideration, send your resumé to: 


Sperry 


Employment Dept.1q , Bldg. C 


322 North Sperry Way 


Salt Lake City, Utah 84116 


3 SPERRY 


Equal employment opportunity M/F/V/H 


*Trademark of AT&T BELL LABS 
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Advanced Systems, created in 1983 by United Technologies Corporation, has 
made a significant impact on the defense industry and is still growing rap- 
idly. Backed by the vast resources and corporate strength of UTC, we have 
just begun to show, in three short years, what we are capable of developing 
for advanced system management and integration activities. 


Our engineers enjoy not only the backing of a Fortune 500 company, but the 
small-company environment provided by an autonomous division. We have 
a new Sorrento Valley facility, which in addition to being beautiful, is one of 
the best equipped, most highly advanced facilities in San Diego's growing 
high-tech community. Our engineers are given the freedom to innovate, the 
state-of-the-art equipment necessary to put ideas to work and the manage- 
ment support and recognition that is vital to professional satisfaction. 


In addition, our engineers enjoy the unmatched lifestyle that makes San 
Diego “America’s Finest City”. As one of the sunniest cities in America’s Sun- 
belt, San Diego offers a warm, temperate climate year-round. It allows you to 
take full advantage of the many activities afforded by our beautiful beaches, 
bays, mountains and desert regions. 


San Diego also boasts many excellent schools and universities, museums, 
galleries, the world-renowned Old Globe Theater, the famous San Diego Zoo, 
world-class opera and symphony, and close proximity to the colorful resorts 
of Mexico. The list goes on and on. Combined with our outstanding career 
opportunities, it adds up to a lifestyle that is hard to match anywhere in the 
country. 


Our exciting growth and rapid expansion are creating many outstanding op- 
portunities for qualified professionals who are ready to join the engineering 
elite. If you are interested, and have what it takes to set new standards in 
missile systems, send your resume with salary history, to: Judith Goodwin, 
Personnel Manager, Dept. 025, Advanced Systems, 10251 Vista Sorrento 
Parkway, San Diego, CA 92121. (No phone calls/principals only, please.) 
Equal Opportunity Employer/U.S. Citizenship Required. 
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SIGNETICS 


Albuquerque 


Signetics Corporation, now in its third decade of |.C. design and manufacturing is putting 
in place its CMOS manufacturing area for the late 1980's, 


This is a unique chance to become a member of the core team responsible for definition 
of the fab area, equipment evaluation acceptance criteria, process specification and 
fab start-up. 


Signetics, and its parent corporation, U.S. Philips Corporation, will provide you the stability 
for your successful pursuit of technological growth and development, while participating 
ina project key to the organization's worldwide |.C. strategies. 


Needs 150mm 
Technologists 


Positions require 5+ years engineering experience in the semiconductor industry at the 
professional level. These are Senior Engineering-hands-on-positions. Prior experience 
in 50mm wafer manufacturing is a requirement. 


Process 
e Diffusion Engineer e Plasma Efch Engineer 
e Photolithography Engineer e Thin Films, I’, EPl Engineer 


Equipment 


e Electronics Engineer e Optics Systems Engineer 
e Mechanical Engineer e General Systems Engineer 
e Vacuum Systems Engineer e Operations Research/ 


Industrial Engineer 


To discuss these opportunities, call 1-800-241-8683 and ask for Employment, or send your 
resume to: Signetics, Professional Staffing, Opportunity #EDN986, 9201 Pan American 
Freeway NE, P.O. Box 10272, Albuquerque, New Mexico 87184. 


We are an equal opportunity employer m/f/v/h. 


One standard. () defects. 


signefics 


a subsidiary of US. Philips Corporation 
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Copies 

of articles 
from this 
publication 
are now 
available 
from the 
UMI Article 


Clearinghouse. 


For more information 
about the Clearinghouse, 
please fill out and mail back 
the coupon below. 


Nat ouse 


Yes! I would like to know more about UMI 
Article Clearinghouse. I am interested in 
electronic ordering through the following 
system(s): 

(1) DIALOG/Dialorder (J ITT Dialcom 


(J OnTyme EROCLE IL 
Subsystem 


CJ Other (please specify) 
[1 am interested in sending my order by 
mail. 


_] Please send me your current catalog and 
user instructions for the system(s) I 
checked above. 

Name 

Title 


Institution/Company 


1 a ce SSO amt a ee oni 
Address 
iy 2 State Zip 


Phone (_____) 
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LOOKING AHEAD 


DBMS market growth 
mushrooms at low end 


Database-management systems for 
microcomputers and other low-end 
computing systems are gaining in 
popularity. According to the mar- 
ket-research company International 
Resource Development Inc (Nor- 
walk, CT), shipments of DBMS 
packages for microcomputers and 
Supermicrocomputers will total 
2,915,680 units in 1990, a dramatic 
increase over 1985’s 694,600. 
IRD compares activity in this 
market sector with activity in areas 
in higher ranges. Mid-scale DBMS 
packages are for high-end supermi- 
crocomputers, minicomputers, and 
Superminicomputers. High-scale 
packages address the needs of main- 
frames and supercomputers. His- 
torically, developments that have 
advanced DBMS technology have 
occurred at the mainframe level. 


EDITED BY GEORGE STUBBS 


Now, however, many of the more 
than 50 small-scale DBMS products 
are fast approaching their minicom- 
puter and mainframe counterparts 
in terms of capabilities. According 
to IRD, most small-scale packages 
currently offer multiple-file han- 
dling. A number offer their own 
query languages and report writ- 
ers. Multiuser LAN versions are 
appearing, and this development 
will hasten the provision of data 
integrity and security in such pack- 
ages. Also, small-scale DBMS pack- 
ages are increasingly able to 
interface with other kinds of appli- 
cation software. 

One notable development that’s 
transforming the DBMS market at 
all three levels is the incorporation 
of artificial-intelligence capabilities 
into the packages. Such capabilities 
include natural-language interfaces, 
expert-system components, voice- 


US SHIPMENTS OF DBMS PACKAGES 
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recognition capabilities, and com- 
puter-aided vision. For example, 
Micro Data Base Systems Inc (Lafa- 
yette, IN) has produced a pC-level 
DBMS that integrates a natural- 
language interface with expert-sys- 
tem development facilities, and 
Computer Corporation of America 
(Cambridge, MA) has demonstrated 
a large-scale system that stores im- 
ages for CAD/CAM. 


Demand for magnetic parts 
will continue to grow 


Over the next five years, many seg- 
ments of the magnetic-components 
industry will experience annual 
growth rates far exceeding the 
overall growth rate of 11% for this 
industry as a whole, according to 
Worltech Reports Inc, a high-tech- 
nology research company based in 
Northport, NY. Included in the 
high-growth group are modem and 
pulse transformers for datacomm 
applications; 400-Hz transformers, 
which are used in aircraft, ships, 
and supercomputers; and power- 
conversion transformers and induc- 
tors for switching power supplies. 

The market for electronic trans- 
formers and inductors is larger than 
most people imagine, _ says 
Worltech. US sales of these compo- 
nents reached a level of $2.5 billion 
in 1985. By comparison, demand for 
power and distribution transform- 
ers used by utilities in 1985 was 
approximately $1.6 billion. Worltech 
also reports that captive production 
of electronic transformers and in- 
ductors, where all components 
made are used as in-house parts, is 
significant in size, and domestic 
competition is very fragmented; a 
number of suppliers compete in each 
of the several different product 
groups. AT&T is the largest captive 
producer, and Universal Manufac- 
turing Corp (Irvington, NJ) is the 
biggest commercial supplier in the 
US today. 
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Molex Is Making The Connection Between.. 


HIGH CURRENT 


SITY 


From power supply to power 
distribution, Molex makes the connection. 
Molex, the industry leader, now offers 
the most complete line of pin and 
socket connectors available. From 
standard wire-to-wire and wire-to-board 


versions, to the new high-performance 
“Mini-Fit Jr” 


Mini-Fit Jr. meets today’s demand for 
miniaturized design components. 


With current handling capability of up to 9 
amps per circuit, and a connector mating force of 
only 1.54 pounds per circuit, the Mini-Fit Jr. offers the 


Mini-Fit Jr. is 
the new generation power 


ideal solution to your high current and high density connector from Molex 175 ye oe a 
interconnection requirements. 


wire-to-wire, and board-to-wire applications. 
Product shown actual size. 


Molex is THE source for immediate delivery of 
pin and socket products. 


Molex has factory stock and distributor inventory 
around the world. Our pin and socket connectors meet full 
UL, CSA, VDE, and EAMCL standards. Features include 
silo protected terminals, positive lock, and pull tabs. 
They’re available in brass or phos-bronze, with tin or 
selective gold plating for low cost and high performance. 

Molex has the pin and socket connector you need, 
in the size and configuration you need, for every discrete 
wire application. 


Service To The 
Customer...Worldwide 


molex 


Corporate Headquarters: 2222 Wellington Ct., Lisle, IL 60532 USA, (312) 969-4550 * European Headquarters: Aldershot, England, (0252)318221 
Northern Asia Headquarters: Tokyo, Japan, 03-478-8777 « Southeast Asia Headquarters: Jurong Town, Singapore, 65-261-9733 
CIRCLE NO 249 
398 EDN September 18, 1986 


24 hse FF 
a ace 
i ~ & 
a ~ 

3 eee 


14.4kbps trellis coded and 
9.6kbps modems on 40 square inches 


LSI technology and UDS engineering expertise have combined complex computer graphics, where error minimization is 
to deliver two major improvements in modem design. Two of the especially critical. The device has a fallback rate of 12kbps and 
most complex modems in the UDS product line — the fast-polling is strappable to V.29. 


Q600FP and the Trellis Coded 14.4— have now been reduced to 
40 square inches of board space for each complete modem. To 
accommodate varying OEM configurations, a wide variety of 
form-factor layouts and option packages is available. 


9600FP 
This UDS modem delivers 9.6kbps speed, with only 8ms turn- 
around time, making it ideal for fast-poll applications. A simple 


strap change puts the device into V.29 configuration, which U Nn ive rsal Data systems 


includes alternative data rates of 7200 and 4800bps. 


14.4 Trellis Coded (MA) MOTOROLA INC. 
14.4kbps (V.33) speed, merged with the signal-to-noise ratio Information Systems Group 
enhancement of trellis coding, makes this modem your most 

cost-effective choice for moving large volumes of data over 

dedicated lines. It is particularly useful in applications such as 


These new OEM modem cards are small wonders! For technical 
details and quantity prices, contact Universal Data Systems, 
5000 Bradford Drive, Huntsville, AL 35805. Telephone 
205/721-8000. Telex 752602 UDS HTV. 


UDS modems are offered nationally by leading distributors. Call the nearest UDS office for distributor listings in your area. 
DISTRICT OFFICES: Apple Valley, MN, 612/432-2344 « Atlanta, GA, 404/998-2715 * Aurora, CO, 303/368-9000 « Blue Bell, PA, 215/643-2336 © Boston, MA, 617/875-8868 * Columbus, OH, _ 
614/895-3025 « East Brunswick, Nu, 201/238-1515 « Glenview, IL, 312/998-8180 ¢ Houston, TX, 713/988-5506 * Huntsville, AL, 205/721-8000 » Issaquah, WA, 206/392-9600 * Livonia, MI, 
313/522-4750 * Mesa, AZ, 602/820-6611 © Milwaukee, WI, 414/273-8743 © Mission Viejo, CA, 714/770-4555 * Mountain View, CA, 415/969-3323 « Richardson, TX, 214/680-0002 « St. Louis, _ 

MO, 314/434-4919 « Silver Spring, MD, 301/942-8558 * Tampa, FL, 813/684-0615 * Uniondale, NY, 516/222-0918 * Van Nuys, CA, 818/891-3282 © Willowdale, Ont, Can, 416/495-0008 ~ 
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We call Signal “The American 
Original.” And we must be doing 
something right because our de- 
sign innovations are being copied 
around the world. 


While this imitation may be flat- — —— 
tering to us, it could be extremely =—— 
risky for you. After all, just because = 
a transformer looks like Signal’s « 
doesn't mean it will perform like = 


signal's. 


Our innovation, creativity and | 


reliability are one-of-a-kind. We 
pioneered the high isolation split 
bobbin design. 


Now our exciting new Interna- == 


tional Series takes another leap 


forward with a dual, high-tem- § = 


perature bobbin and insulating 
shroud that provides signifi- 
cantly better performance 
at lower costs than ever 
before. One-4-All™ and 
More-4-Less™ transformers are 
so reliable they meet — or surpass — 
every important international spe- 
cification (UL, CSA, VDE and IEC). 
We also introduced low-profile 
Flathead™ plug-in transformers. 
Our latest series, available in five 
sizes, is arguably the best in the in- 
dustry. The innovative non-concen- 
tric windings eliminate the need for 
an electrostatic shield and feature 


Imitation. 
The sincerest form of flatteru. 


hum-bucking construction. 
Beyond that, Signal has a full 
line of superior low power PC board 
transformers, as well as smaller- 
than-ever "2-4-1" Series, compet- 
itively-priced rectifier power trans- 
formers, chokes and industrial- 
grade step-up and step-down 
power isolation transformers. 
We maintain significant levels 
of our stock transformers and sell 
direct — without a middleman to 
slow things down — or mark prices 
up. Even better, we can ship to 
you in quantity within just 48 hours. 
We call it our PRONTO service... 
and it's unique in the industry. 
Just let our competition try to 
play “follow the leader” with that! 
Of course, if we don't have a 
standard stock item that fits your 
needs, our custom engineering 
department will gladly quote your 
specilic requirements. PRONTO. 
But for you, it's easy to follow our 
lead. Simply send for our com- 
plete, free catalog by contacting: 
Signal Transformer, 500 Bayview 
Avenue, Inwood, NY 11696. 


(516)239-5777 


An dlnsilco Company 


_Transformer. 
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